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 GHQWLILFDWLRQ RI FRPSRXQGV WKDWLBRNEGMWN RYLFKHQG P\H
JHEUD hdyfd6 gpri26 PXWDQW

(OYLUD 'LDPDQWRBBRBRO R [HF@WRDLR GH OD 9HQPDG H$ VHDYE®
&HOLD - +ROCGNEZAGDWRHEDOHULH -**VYBOEW 5 DQBIZQQ\D 7
"KLWILHOG

%DWHVRQ &HQWUH DQG 'HSDUWPHQW RWRLEBERHOLADG 66KHQEHOGQL
6 71 8.

,QIRUPDWLRQ 6FKRRO 8QLYHUVLW\3RI8KHIILHOG 6KHIILHOG 6
6RVHL +HSWDUHV 6WHLQPHW] %XLOGLQJ *UBQWD 3DUN &DPEULG]J

7KHVH DXWKRUV FRQWULEXWHG HTXDOO\
&RUUHVSRQGLQJ DXWKRU

7DQ\D 7 :KLWILHOG W ZKLWILHOG#VKHIILHOG DF XN
25&,"' L'

.H\ ZRUGWEUDILVK D*3&5 $GJUJ *SU SKHQRIYNSUPDAWUFHQLQJ F
versican P\HOLQDWLRQ LQQHU HDU ODWHUDO OLQH 6FKZDQQ FHOOV



$%675$&7

$GJUJ *SU LV DQ DGKHVLRQ FODVV *ZSWRWH ER FRXSOHG WRIGH I\
P\HOLQDWLRQ RI WKH SHULSKHUDO RWKPXRVOWRIGVBIOVR Q WKH JHEUIL
UHVXOWYV LQ GHIHFWV LQ WKH IGRZKH JKIEBEMRMIHFQM[ IS\ LBIQOV W R
DQG PRUSKRJHQHVLYV LV GLVUXSWHG LR N FH HIHHY MIKQIMVE \D HAKRD HRI
UHVFXH RI ERWK XS DQG GRZQ UHJXOD@MPE UHOH WBIHNVRK/H B @ ILVGKP .
DQDO\VLYV Rl ZHDN DQG VWURQJ DOOM®BMN X UDRB\DGVFHHKMEB RRPSRXC
ZH KDYH LGHQWLILH@rsicank BI\\S U H & WXIERiGQyrg6Q P WHD QW H D U RI

ZKLFK DOV Rydlid Wasicpbtéin JHQH H[SUHVVLRQ LQ 6FKZDQQ FHOOV RI PX
HPEU\RV 1LQHWHHQ FRPSRXQGV Xa@dbH WROHHSBRM LIS N VFORGLGD)
IRU PROHFXOHY WKDW PD\ LQWHUD FSRG L UMW S ZH QIKQ W KSHU B & 11 G 81 VL
SRZHUIXO DSSURDFK IRU LGHQWLI\LQ3&SPRESRYQ®Y KWW PRG NQ I/WE
LPSDFW IRU IXWXUH GUXJ GHVLJQ



,1752'8&7,21
$GJUJ *SU LV DQ DGKHVLRQ % FODWRYUSDRIBELQLAVREKSOHG UH!
FRQVHUYHG UROHV LQ P\HOLQDWLRGCHBRXWKH\VWUHIW HEUD W HYH bl Z SIGH
LQ /DQJHQKDQ HW DO 3DWRR]HWXD® VYV RI adg@F WRRQ
JHEUDILVK DQG PRXVH PXWDQWV SHULSKISDROHGHGERDMQA® G HO®OWH |
DVVRFLDWH ZLWK D[RQV EXW DUH XIQDIR@K \UR G HERZDWHHG WKHG P \H
H[SUHV VL RyeRlba¥i&piotein mbp JHQH *OHQQ DQG 7DOERW ORJKD H\
ORQN HW DO ORQN HW D®L V RS MIGHeU 1 8 WIHKAH PR XV H
UHVXOWV LQ DGGLWLRQDO DE QR U FDQIG SKHOR\WDFS B ¥ Q RUPDXOGEMWQH D LE
GHJHQHUDWLRQ DQG HPEU\RQLF OHWKDWID/M®\ ORQNDHDM PO (YDQV3IBW
DO ,Q KXPDQV APGRGB WIURIQKDIX¥Y DWLYH IRU FRQJHQLWDO FRQW
VIQGURPH D VHYHUH W\SH RI DUW K UR SD\SHRY V. F URX &/WH\8 ®H] FRQJH
3HULSKHUDO QHUYHV IURP DIIHFWH G WH\GLLYR.G RD @Y HKOD YOH EDDH/G R FSHUIR
VXJIJHVWLQJ WKDW WKH IXQFWLRQ R RGOS UQOR\ARQYBWLR® IR P
WHOHRVWYVY WR KXPDQV 5DYHQVFDERSBS W DLW QWY KD¥PDQVR EHHQ
SURSRVHG WR XQGHUOLH VRPH SDHGLDWYRGXRX\FIXDBRSHDFHMDWY Gl
LGLRSDWKLF VFROLRVLY .DUQHU HWLKQO DQG UHIHUHQFHV ZL

,Q JHEUDILVK KRPR]\JRX\ador§6V R XAV O R @FWH[KQELW DQ LQQHU HDU GH
DGGLWLRQ WR GHILFLHQFLHV LQ P\O(ROQNBWLRQ *HQJ H®W W&H RWLF
YHVLFOH WKH HSLWKHOLDO SURRN® RWWLHR Q¥ RLIKDWFS0BIL POUID (R GRB
RYHUJURZ DQG IDLO WR IXVH UHVRW®®®EHDLQ VZRIDSKRIR IEED O\ HVHF
WKH ]HEad§d6 \PKk WDQW HDU VKRZV D GUDPDWLF ROWHHWDWLRQ LQ WKI
FRGLQJ IRU VHYHUDO H[WUDFHOOXODU PIPRGL]\L(Q0 HERPSRVDHQWYV D
*HQJ HW DO )LJ $ 1RWDE®\FRWH GURWIMW FRROLRH FKRQG
VXOSKDWH SURWHRIIREPROOHAUWUPMYLHQWO\ H[SUHVVHG LQ WKH RX
SURMHFWLRQV DQG WIGHRQGE R ZSWU B MIHENBRIRFX UXHIR QUKPBLQ KLJIKO\
H[SUHVVHG LQ WKH RYHUJURZQ D&RIGIK ® XW Bl GWS\U R‘M 9B WHVR @D R |
$OWKRAgME Gpri26 P51$ LV NQRZQ WR EK WBHHWRMXVE HDU 3DWUD HW
D UROH LQ RWLF GHYHORSPHQWHLGHWKHJPD@RBO KDV \HW WR E

/ILNH DOO D*3&5 PHPEHUV WKH JHEUDILWK $GARQJUHHAWHIWRO FRONVU \
GRPDLQ (&' D VHYH@ ISPEYDWHDERPDLQ ROWDLQ® ODDWKIOOXODU
GRPDLQ UHYLHZHG LQ /DQJHQKDQ HW&DOQFOXGHMD *&&5 7KH
DXWRSURWHRO\VLV LQGXFLQJ *$,1 GRPRIEQSZRWHR OQWRHU ¥R WBHWH YV
*36 DQG WKH FRQVHUYHG 6WDFKHO VHTX3IDQWVUID MWWEVEKHU HW DO
SBURWHRO\VLY DW WKH *36 UHVXOWY LQLYZB IUDJPHQWVDRQG D7&7) W



& WHUPLQDO IUDJPHQW ZKLFK FDQ UHPIOHQ ORW RBL W WGREIL\D W IR Q
17) ELQGLQJ WR FHOO VXUIDFH RGVH[®IUD FHAD OXODU P BWWHUYHXD & W

'LVVRFLDWLRQ RI WKH 17) VWDRHHNWOXEHQFEHLWR RVKMKHO GRPDLC
WKHUHE\ DFWLYDWLQJ WKH &7) /LHEDWKHH BWRYQGHV D YDKULOMWHW)\ RI
GHSHQGHQW RU LQGHSHQGHQW RUFXMYGLEHORD B B K HWVIL\K QHY QU KWK
FHOO FHOO RU FHOO PDWUL[ LQWHWKRBQYQRMWO O)B8H YHHORSPHQ W XQ G
WHUPLQDO GLIIHUWIQWLDWLRORPRKAHHY UDGLDO VRUWLIQM RI D[RQV Z
WKRXJKW WR VLIQDO WKURXEK @, WOHDGLIWRWR HOHYDWHG F$03 OH
DQG DFWLYDWHG SURWHLQ NLQDVH RI3GRZWRW.QHDXE MV IVW.DHW BB IQSHWV
VXFKe§® DQ@& 3HWHUVHQ HW DO &RPSRXQBNOWXDW DFW WR U
F$03 OHYHOV VXFK DV WKH SKRVSKR GQHVNWHK\DY Bl QVOKILGEH W RAD; LVR
DQG WKH DGHQ\0O\O F\FODVH DFWLYDWRUFIBHYMRWOY Q QF BRWKH WKXHLS
HDU DQG a&dj@6LBXWDQWYV *HQJ HW DO ORQN HW DO

'"HVSLWH WKH HQRUPRXV LPSRUWDQFH RIU3RWVDDYV GUXJ6 WDUWIIMHWYV

DQG ,QVHO ‘RRWWHQ HW DO *3&5V RFIIBLKH S RRQ CF\OPWIVUDFWHULVH
UHSUHVHQWLQJ D YDOXDEOH XQWD S/S(HIK HHI Y & X WH FDN WIDRDIGIQV YA \R | [
ORQN HW DO L F7OK\M LIRGOH R WL SIHW RIUV RRB*3®&5 DFWLYLW\ LV D

HVVHQWLDO VWHS IRU XQGHUVWDQG L QLURWX® GP WRKDIRWUFP RV KH 3&t5 VID
RI QHZ GUXJV B5HFHQW VXFFHVVIXO H EBSWIRFKHK®! W H D¥FIDOXBH SAHKSHV K @ |
DV D*3&5 DJRQLVWVY 'HPEHUJ HW DO RERGL BUUWHBDWHKGE VDU P IPR\QW
GRPDLQV ZLWKLQ WKH 17) 6DO]JPDQ BWWIDWLYH DSSSURBPEXLQUHV LC
SRWHQWLDO RI XQELDVHG ZKROH D @XPMHYQ/BUIFHQMWQUHRIUV P DIBU B RLC
KDYH HPHUJHG DV DQ LPSRUWDQW WRIRQDJRB U @ HZ WRK S KIDS R WNILAV \
%UDG\ HW DO DQG IRU XQGHUVIWR Q% DQH GEG ROWR HW DD P HFKD Q
5LFKWHU HW DO =HEUDILVKRKD @ KXPIDRR YHI®Y DWW BUYH D
YHUWHEUDWH VSHFLHV ZKRVH HPEU\®RW FIDR PLXW W QIHO DQSQ Y WEIX DDF
KLIK WKURXJKSXW D QIDIDWH. D DW K H \QX-AEHU WRHRHANVS UWEVRUE
FRPSRXQGV GLUHFWO\ DGGHG WR WKHUHHMHUH QREOHRRWR[RBUWQLV
DEVRUSWLRQ PHWDEROLVP DQG H[FUHWGRIUR} ERPSRMN Q/G\ FMHRQ EE JD
SLSHOLQH

7R GDWH RYHU RQH KXQGUHG GUXJ VI BHQNDWH. @ R GH OV IKHDQ'W FHHEH
FRQGXFWHG VRPH LGHQWLI\LQJ OHD G ¥HRSRKHBG W MAKWMGKIDY H VX E\
PDPPDOLDQ PRGHO V\M® HP\W @IUF B QWHILWON/O &KRZGKXULE HW DO
1RUWK HW DO 2ZHQV HWLRO %D[HQ GBI HHIW® O 7ZR
VFUHHQV KDYH EHHQ SHUIRUPHG WR LG HQMQLQBRFALRRX DG W WH OF\W CBW



QHUYRXV VIVWHP %XFNOH\ HW DO  VH YDMXA@LHW BWOHG OLYH KRDJL
Tg(olig2:GFP) RTg(mbp:eGFP) IOXRUHVFHQW WUDQVJHQLF OLQHV WR VFUHHQ
WKDW LQFUHDVH SURJHQLWRU RU P\@REQD W LIQLOROK ORIG Bl QW ULRF \W H
GHVLJQ DQG VXFFHVVIXO LQ LGH®@WLMHAIQX KH T EBR 6 RX KK X VW KH
VRSKLVWLFDWHG DQG FRVWO\ KLJK UGMRIDHGLRQ GRMID QA HI0 DXVD R W
DVVD\V IRU FHOO QXPEHU WHFKQLRXBOO WVEK\D W QoAU B UHR B/RIWHIQ W DEOQ®
OLPLWLQJ LQ VFDODELOLW\ DQG WKURXJKSXW

,Q WKLV VWXG\ ZH KDYH GHYHORSH ®\IMNBEDQHGA RR &BIRL \DKWHRIRIDLWH C
LQ VLWX K\EULGLVDWLRQ ,6+ WRS$GGHMDWIK X P\R G X0 BIWRL X VRH GV K H

RWLF H[SU MewsicarRoQuaarb) DV DQ HDVLO\ VFRUHG TXDOLWDWLYH UHDGR;
FRPSRXQGV WK D WaRlD @ YHHEXBHMHVVLRQ EDFN WR QRUPDO OHYHOV L(
PXWDQW Day@6l @283cRU:H XVHG H[SUMBYVLR W RH SRVWHULRU ODWHUDO
JDQJO Lalgya?¥* PXWDQWYV DV D VHFRQGDU\ VFUHH GH@WRIVD\ ZLWK V
FKHPLFDO FODVVHV FDSDEOH RI UHVFXL\QJZWKFHKH{BUMNKKMRQ Rl ERW
UHSUHVHQW DJRQLVWYV RI WKH $RIUEHQDIQDQGY QU KDIYW ERBAH QW LD O
GLUHFWO\ WR $GJUJ ZH WKHQ WHVEL®G KRNUFRMEXRIXD &/W URD W R R M
I X Q F\AtlgiR&® DO GreMO Z KLFK SUHGLFWYV D VHYHUHO\ WUXQREBWHG SURWH
ZHUH X QD E O HaWmB6™ PXMKXIMQWY LQFOXGLQJ D JURXS ZIKWK VLPLODU V
JHGXQLQ IDPLO\ RI FRPSRXQGV &RP XRN®GIY DBDG D XGRI FIRDA R H VELROW
NQRZQ DFWLYDWRU RI DGHQ\0O\O F\FOR¥HS G H MRCOM BB W IMFU B H R RA DI
LGHQWLI\ FRPSRXQGY WKDW UHVWR UHU+BER | SIDKAFK D BIF B 5 W RYL WR KGR/Z
DOWHUQDWLYH DVVD\V IRU ERWK GRRQ BHIN H]®URQVRRG XRPHU®BD
ZLWK D FRPSDULVRQ RI UHVFXH LQ ERWHK PN D\ BWHAGU R 1O HFONDLHRGD
VWURQJ FRKRUW RI KLW FRPSRXQGAM WK®IWIH DB GEM \GAU HHUGN W B &/ H
DSSURDFK LV VFDODEOH DQG FDQ EMRRSRGE VR WG HFHWQRMEGLV)LRQD
SDUDOOHO FKHPRLQIRUPDWLFV DQD ®X\A VY GH QVKIH LFHRP E RWE GK D Y B
FODVVLILFDWLRQ DQG SULRULWLVDWLRQ Rl VHOHFWHG KLW FRPSRX



5(68/76

&KRLFH RI PDUNHUV KREWE LYDWIVRX) ED\LE@nV FH[ISHEVRMRQ DV

D UREXVW UHDGRXW

‘H VHW RXW WR GHYHORS D VLPSOHM\RGIMRHWGHRWWIKH BB OWIPRO
SDWKZD\ WKDW FDQ EH XVHG ERWK VR DXQBR HIBHOMQ G\ FRISIR X QG MW L
WKDW FRXOG LQIRUP WKH GHVLJQ REMKRIVBIDS R XIMILAR U D B KXY MU
EDVHG RQ LQ VLWX K\EULGLVDWLRW D JEHER] Z® L K \KLIP\S WHKH DG YD Q
UHSURGXFLEOH DVVD\ WKDW FDQ EH VHPL DXMRRRADKWH\E DXOD[HQGDOH
'H VHO HVEAMHB[SUH V VL RiyrgsQ PMWHD QW HDU IRU R X Wcabl IKDDU\ VFUHHQ
D QXPEHU RI DGYDQWDJHV IRU VF U HGIGLH PS WIFDDRIL Q @ KALK K QRWOLFEF T
YHVLFOH YHU\ VWURQJ DQG UHS U RiG6-F PEKOVHD @ W CHREWD\R ¥ Q VGI@ \DL W \
FOHDU GLIIHUHQFH EHWZHHQ VWD LHRERVL QW XWKBIQWW D Q16 ZK R\GHW\ S I
PDNLQJ LW LGHDO IRU PDQXDO VFRULBORSHG B SUHPWHYH Y RAURWHK GH
VHHNLQJ FRPSRXQGV WD VO I D BOjiEGEOFW D QW HPEU\RY DQG UHVFXH
PXWDQW SKHQRW\SH :H UHDVRQBG V@R DD WQ RIG (RWWK® WBULH
SKHQRW\SH FRPSRXQ G Wcahk MWSEBIY WWHRWF RB\ DOVR UHVFXH P\HOLQD
GHIHFWV LQ WKH 316 ZKHUH H[SUHVVLE@®SBWWRHH@PRRSOHRBWGF P
GHIHFWV DUH KDUGHU WR VFRUH

'H ILUVW PDGH D FDUHIXO FRPSDULVRA\R | Z\WEPBBR WIGFG DVGURIBI G H | H
f24 DO OH O Hadgigd PP WW B QW )LJ th283c DBEHOH LV D PLVVHQVH PXWDWL
, 1 LQ WKH IRXUWK WUDQVPHPEUD Q HUGPRDPIMEHR DWEH UWDPHSWRU
QRQVHQVH PXWDWLRQ / ; SUHGLF®UHRMDDODHNHGQ H OKW UKROFFDRAHHG
ELQGLQJ *$,1 70 DODOEGWPDPQV *HQJ)HW D® OXWDQWV IRU ERWK
th233c DG4 DOOHOHV KDYH WKH VDPH GHIHFW L@ WHP LHFSIWEKX B O UDFD Q
SURMHFWLRQV DUH HQODUJHG RYHWKWREU DIQGLO DD WRWKDMW WBHR'
KXEV RI WKH VHPLFLUFXODU FDQDO GXFWWNLPH @DESWHDLPDJILQJ XMLQ
OLJKW VKHHW PLFURVFRS\ UHYHDOV WHK® TK B Q PLWFR MR FWK IR\Q 8 UPFORNHH,
FRQWDFW ZLWK HDFK RWKHU W KIHD GHDA OV RV BB & H 5 B ROWH E @ MRKQHY 2L Q
PXWDQW HDU FRQWLQXH WR JURZ URIQC DSBKIQ G LR OHIRMWKHU DV
UHVLVWDQFH DQG ILOO WKH RW LFOYR WIHFOM. R QWKLY N R HF L)U B X G&D 9 EG
,Q ZLOG Wdat IMDHMSUHVVHG LQ WKH JURZLQJ VHPLFLUFXODU FIL
EHWZHHQ DQG KRXUV SRVW |IKUHWNORPDBALERZ & SUH JEKOW VLM GND | W
IXVLRQ E\ GD\V SRVW IHUWLOLWW RRQLVGES HW ¥ WDE IOMWQHWH] IS UHD
HW DO %\ RRQWVRIOWINQWEY WKH RYHUJURZQ DQG XQIXVHG SUR
GHYHORSLQJ HDU FR Q&nbQXW WIRI K [SHHUNOY *HQJ HW DO LI
DOOHOHY VKRZ D GUDPDWLFDOO\ LQH@HDG H\G SH MR 8 UR R Y [ EXMW WIKRHG



LQFUHDVH LV VW24RMAEBHAK WKH $adgrg LVMHDO| LV H[SUHVVHG LQ W|
RWLF YHVLFOH RI PXWDQW HPEU\RV IRU DRWKXDRG®HBOHWK H 8 QGDRWD D (
EXW LW LV QRW NQRZQ ZKHWKH WD WHIHK @B BWHIG SAVR VBIRIPQ LQ¥ QX G L
SURGXFH®@2L @ WEHOH 1RWH KRZHYHU WKDW WHMAB EREMRILFDO DI
GLIITHUHQW WUXQFDWLQJ PXWDWLRQWKHQ/ HWQDWKH $GJUJ 17) 3H

,Q DGGLWLRQ WR D @aKS HHIX@OWDW IRRQ LRI WK H &tbrys RMWMDIGIEU D I LV K
DOVR VKRZV D UHGXFWLRQ RU oyRIv Wasklprated ntby V LIRQHRL QV W H
316 *HQJ HW DO W DORQN H 7KLV DI@RMANSRQEURBKG WR EH YHU\
YDOXDEOH IRU RXU VFUHHQ GHW. DX GPHODIVOH MR WH G RFD W HYHKILMV
([SUHVVInd® LM SUHVHQW LQ D FRPSOH[ SDWWHVKQRZE THDG W\SH HPE
GLIIHUHQFHV EHWZHHQ WKH WZWR OH BB/ VAR H U HW D WIL @K B LR\KKV D W
)LI %  ([SUHVVLRQ LV YDULDEO\ UHMGXEYNE DORGHUY® H 5@ M VDHHWLYR
KRPRJ\VJRXV PXWDQWYV IR UbZBBHDIOGRPRUEKMFLQ DOO LQGLYLGXDOV \
FRQVLVWHQW DEVHQFHORIVV\SDHYX®HGEG BEFKY R BIQD WHBOXL WK WK H
SRVWHULRU ODWHUDO OLQH JDQJODRDS 3)UJ *HQXBHWVIXSSOHPHQW
7K™ DOOHOH ODFMNbp WDUQLQDDOORQJ SHULSKHUDO QHUYHV *HQ
)L $ 1RWH WKDWhhg[BQHVRH FFGI®WUDO QHUYRXV VI\VWHP &16 LV
LQ HLWKHU DOOHOH REVRBUVDDQLQHIGXMWKIHR @LBIZLWKRXW SHUIR
GHWDLOHG DQDO\MipVH[3KHY WPDREH XQVXLWDEOH IRU D SULPDU\ VFUH
D VHFRQGDU\ VFUHHQ RI KLW FRP SRMNQBMUHGIKQWLILHG IURP WKH

'"HVLJQ RI D VFUHHQLQJ SLSHOLQH IRH WRBISR¥O GX WKQW UHVFX
SKHQRW\SH

2XU VWUDWHJ\ IRU WKH VFUHHQLQ.DBURWRAROLDGG DQDQIXIH SLSH
ZHDW233c DQG VWMRQ®DOHOgHE RXWDQWY DUH KRPRJ\JRXV YLDEOH H«
ODUJH EDWFKHV RI PXWDQW HPEWRK DARVBEH JHQGHPMGHES IWB KV
WKH K\SRPRU Stk23% DIO@ R@H SULPDU\ VFUHHQ IRU IRXU PDLQ UHDVR(
KRPRJ\JRXV 1R3BCWKOHOHOH SURGXFH D ODUJHU QXPEHUNRI KHDOWK\ H
KRPRJ\JRXV 1rR4UDWIOH O H D ORZHU FRQFHQWUFWESX®R B! RXU SRVL\
,%0; ZDV VXIILFLHQW WR UH\MiR233d RKW DSKMD R R PED B RE ZQ W K

*HQJ HW DO V X JJ t$288¢ L DO OMKIHVPWXKKW DOVR EH HDVLHU WR UF
RWKHU FRPSRXQGV LQ WKH @arbUHD[IS UHHW WIFRIG HRBIBKRXJK QRW DV
GUDPDWLFDOO\ fi2#il HIFEW ¥\ LODVO LWDRE X VW O\ BY3E DHIOHBWY D® GQ W K H
ZH SUHGLFWHG WKDW DQ\ VPDOO WRGOWEK B HAL WHK RW W R M/ Kb B F\& WZR W
DV DOORVWHULF PRGXODWRUYV ZRX @B PKWDQWHNG ZRLEK FERNQ X RIX
EH DEOH WR LGHQWLI\ FRPSRXQGV D FMKHD I HRFOH B\ B UH W\ XR'ZQ Y W U H



th233c ZH VKRXOG EH DEOH WR LGHQWLI\ PRERQIDKVE R ¥ QRVIWNKIHD BDWK Z
DQG bW WKH OHYHO RI WKH UHFHSWRU LWVHOI

&KRLFH RI FRQWUROV

,Q DOO DVVD\ SODWHV ZH LQFOXGHKIGEUWROS KRVSHKRGVHY V8RNV DWH YLH
FRQWURO :H KDYH SUHYLRXVO\ VRRZQ® ;WKDW BSGLWRB@RFDO IRU
ERWK GRZQ UH@xhd MW RIPVRILRQ DQG D UHVFXH RI SURMHFWLRQ IXVL
adgrg6™** PXWDQWV *HQJ HW DO $W QW HVDMWHIH. RU ®HHGHORSP |
SRVWHULRU SURMHFWLRQV LQ WKHGREDQW G@R\.F $HR [IFROLHVD WHR H\ W
ODWHUDO SURMHFWLRQ WR ZKOBKWYEH\ R X ©RPIKRHQIGY WUKRIPZER W K
OLEUDULHYV DUH VXSSOLHG DV VWRFNWXWVROY'EB62LDV @62 ZH WKH!
QHJDWLYH FRradeUnRta” TWKWHUDLQ ZKLFK KDV UHGXFHG SLIPHQWDWLR
YLVXDOLVDWLRQ RI ,6+ VWDLQLQJ SB EBWAHOG VW YTH/ PR/QMEURD D @ KKIDHA
HPEU\RV SHU ZHOO ZHUH WUHDWHG ZLWHKGERKPSIRIREGV+DWSI —0 LQ (
DIWHU ZKLFK WKH\ ZHUH IL[HG DQ G vEa@hD B\ ZHK® ORUP R PSQM V§+ R G W |
WKH HPEU\RQLF VWDJH DVVD\HG E\ ,éanb L& SXQWJHDHWHE PX\WRDQW
HPEU\RV LV YHU\ VSHFLILF WR WKH BD W ZrD BDQN LW RW N DLLQOW K HVK H
HDFK HPEU\R ZLWKLQ WKH ZHOO V$8[BWRGWWRDY Q DY DAHY/XDWH VDW
'062 WUHDWHG PXWDQW HPEU\RV VKR Zéhtb VWQUWR QB IRWMWHE ¥MWDGE QVW\GH |
HPEU\RV VKRZHG YHU\ OLWWOH VWDL@. @XWQ QWK HREDWRY Q/KRBEGW L
UHVFXHG GRZQ UNGXODBVSHG VRWREG )LI $

&RPSDULVRQ RI FRPSRXQG OLEUDULHY ZLWK GLYHUVH VWUXEWXUH
,Q RUGHU WR WHVW D ZLGH UDQJH RJIHMAE B RPRPG\H UFH. IFB& RAPH) VAR V F
PROHFXOH OLEUDULHV 7KH 7RFULVEQWHQVYRRMDO ORFERIDRIXQBARFUL
UHSUHVHQWLQJ NQRZQ ELRDFWLYH FRFSRKIQ G S HAWWKXG LYRIQ® HFWW. R
H6SHFWUXPY OLFURVRXUFH 'LVFRYHU\ 6\RXQPY [FRPGXGVAY )'$ FRF
DSSURYHG GUXJV IR W RMHBXIUGH FRPS R Q 6 VRIBXE WY WEBEDAROG
DQDO\VLV RI WKH WZR OLEUDULHYHMVEKOHYKWW WKB VWIUXFIHXUDO G
VXSSOHPHQW %DVHG RQ %HPLV OXUFNRVFDIIRWIGHW 7RABLV DQG |
OLEUDU\ RI FRPSRXQGV KDV VIF VIL R OGN FRIBSRNVGI® B QGJ
RQO\ WZR VFDIIROGY UHSUHVHQWLQJH REMHVW KB @ LERPMRISROOQGY 7K
VFDIIROGY UHSUHVHQWLQJ XQLTXH FHEPIDAD G RQWXAMKBHY EXW D\
FRPSRXQGV WKH SURSRUWLRQ RI VFDAROBNXOHSUHVHQWRGHRL\ D VL
WKDQ IRU WKH 7RFULV OLEUDU\ ¥RIHMKHI UG HHWRARF RHE UPDQ HAS B
ZLWK D WRWDO RI VEDIIROGV X LZKRHEER X Q WS BHRDH@WG DQDO\V
QRW RQO\ SURYLGHV D EURDG RYHUYLHRFX OVKE B KM PEXWOF B QYHOWRE



XVHG WR VHOHFW DQG DQDO\VH JURXSWHRIHWMWPIL@QD ¥ WRRIBSW X Q& \D E W\
UHODWLRQVKLSYV &RFFSRRQGW ZBIKWG PPV HGSRIQ (WKNILP UODULW\ XVLC
:DUGYV PHWKRG RI KLHUDUFKLFDO DKI2BY HKYMHWLGY HRAD X VWU IQWID \X |
SXUSRVHV IRU GHQGURJUDPV VHH )LJ 2ILIXUH VXSSOHPHQW

5HVXOWV RI WKHHHQ PR U \UHTGX F WeafQHE 8 RMMFLRQ OHYHOV
7R VERUH WKH HIILFDF\ Rl WKH FRP &R¥QRE\ & Q HKBYREZ@V U B BIX)XO\DHGE. Q J
VFRULQJ VI\VWHP IURP WR )LJ IRV GIHVGD 0 B W K RIGN W K 1 OADKWIH U L
SULPDU\ VFUHHQ HDFK FRPSRXQG ZDV WHY® MK B MFLIRQUMNI RUK BIDF KH F
HPEU\R ZDV DGGHG WR JLYH D ILQDURRARUAH BN W QD VV L71KHG LLEDADR
GLIIHUHQW JURXSYV DFFRUGLQJ WR WK H/AL MUKHW K R OKG.\) HO\RVE GG H QU)HL B >
UHVEXH LQ &DWHJRU\ $ UHSUHVHQWLQJ D FREEPSE&BWIFRQY R IQWRKH H
SULPWRAanh VFUHHQ IRU DOO FRPSRXQGV LGHQUWRWKH;7RFUL¥RPSR X
OLEUDU\ DQG IURP WKH 6SHFWBRW BLEWDHN B WLVFR&KG LC
RI WKH FRPSRXQGV IURP HDFK OLEKHBUWEZ HEBIWR XRWE\ W RGHD G LW
HPEU\RV RU VHYHUH GHYHORSPHQW D O FOIEWQRVLFYIHO AV MHVI RRIV *S RQ\RH Q.

HPEU\RV SUHVHQW ZKLOH FRPSRXQGVURRBIHRFWUXMD QG
ZHUH IRXQG WR FDXVH LQFRPSOHWnR W [SIHW VD R Q/ XEBWHYRURQ R
7KH ODUJHVW FDWHJRU\ ( FRPSRXQGW VURS HERMHKGOLEUDULHYV

UHSUHVHQWHG FRPSRXQGV WKDW KDGYHR ARHMHQWU IRWLRWKEMHAE I 1TH
—0 7R YLVXDOLVH WKH FRPSOHWHWRWHRWHRUBDRQ EQXVUWMK U VRY BI
FRPSRXQGYV ZLWK VLPLODU VWUXFWXUHVYQBRFERXD G VGCDHMILH SGRULNMB/D\D
SRODU VFDWWHUSORW )LJ ') )LJ LOWHUDFWLYH YHUVLRQ DW

KWWSV DGOYGO JLWKXE LR YLVXBIOMAHIDOGBYRIKPW 5 RKOADRIB V F & RPASHRUIX Q)BF

SRVLWLRQ DORQJ WKH FLUFXPIHUHDQR HE IRV H\GK R (5 6 R WL WRLLR B DRFX W K H
UHVSHFWLYH VLPLODUIWYRIGHRGH RXSEOBHWBAGRLQWY WKDW DUH
FOXVWHUHG DORQJ UDGLL RI WKIEHURW XFYWHX WK \PRIPH ODLNHDO WIR
WKDW WKH MX[WDSRVLWLRQ R @GGEUIRIEEEW 6 ¥ R (BRXIHAH RARW 5 R X3HG V
WKDW GLIITHU LQ VWUXFWXUH D GWKHRHAIQAVY WRVR /N RMAKAHU | R XGIVW R X Q
WKH 7RFULVY OLEUDU\ OHVV FOXVWH WEH R RV HKULY\WH 6 RPPRSFRSCUGMSG &+ 8V KF
WKH PROHFXOHV LQ WKH 6SHFWUXP O IRFPBSRXQ G ¥ HQHWPKRHU H +RO X VW H U
FDWHJRULHY DUH HYLGHQW )LJ ')

9DOLGDWLRQ RI WKH SULPDU\ VFUHHQW K BWHRYY LKRIP FRPGOV IDMRE Z|
DQDO\VLV RI GXSOLFDWHV

3RVVLEOH KLW FRPSRXQGYV FDWHJRULVHG\BDE $6& B HHKHH WHOSIERMNH G L
SODWHYVY ZKLFK ZHUH WHVWHG XVLQJ WIQH DEPHGCDN ¥ D\ WKHPW RS K KW



FRPSRXQGV WKDW VFRUHG $ RU % DQG DWKHOBIRAWHR ¥ RR LARPISRX QG
FDWHJRU\ VHH ODWHULDOV DQG OHWMRKGY SRSHALEOFDIOION FRRSIRXK
IURP WKH 7RFULV OLEUDU\ DQG URKWMKEBHF\WBXFLEOHRUWYHUH

UHWHVWHG WZLFH DJDLQ ZLWK WK UWH MPKEH \RXPEHU RH GI® EUWAR VY Q F |
VFUHHQHG WR D WRWDO RI QLQH SPUQPR®ESRMQGH SR DLW HSHMR W LV
KDG DQ LQFUHDVHG DYHUDJH VFRUH ROWH VY K\RKZHIY HF OVHZIRU UHWWHRKWM V' R U
VEFRUH ! LQ DQ\ LQGLYLGXDO WHWWRRVKH WRRDLOQ H G FRRIPS/R RQ KV W V
IURP 7TRFULYV IUR RV KB MWFWKIRKPH G F R Q Wcah/ H QW WWWIERK® RFURVV

WKH UHWHVWYV ZHUH WDNHQ IRUZDUG IRU VHFRQGDU\ DVVD\V )LJ °

7R SURYLGH IXUWKHU YDOLGDWWRK® ISRUWL VIKUH\ K/IFW W H @G HDHV K MHHG W QR
DSSURDFKHV )LUVWO\ ZH FRPSDUHRBRWR KQGHV WERWVKRIVR XRI R WAL
FRPSRXQGV SUHVHQW LQ WKH VFUHHQH® F® FRPSQRE @G EWD ULBIV 7k
QRQ VHOHFWLYH SKRVSKRGLHVWHUDWKB'6SHFMLEXR RUE U B BUMHYE G
LGHQWLILHG DV D KLW LQ WKH SULPWUR MFIW HF® P BLRIX Q6 WRKH6BRIUR
ERWK OLEUDULHV LV PHWKR[\PHWK\0003;VRE XMA\®H F AWH WK \® [D QWK L
LQKLELWRU 003; LV SUHVHQW LQ WKEH®WUILM G LIEW DUK L WXIW) ZRXW Q/
PRVW OLNHO\ GXH WR LWV VHOHMWLWRGEG\ R U Y NRIOHYQ RV WIRLUNH ZF $0 3
OHYHOV DQG addigs FIKBIUWSKH QRW\SH *HQJ HW DO V EXW IRUVNROI
GLIIHUHQW DVVD\ FRQGLWLRQV ZLWKBYRRGWVER PLXFIL IMQ F XRLW NRQ LVQL E
UHSUHVHQWHG LQ WKH 7RFULV OLEUQUD\BYON ZDKHWESHFWQXRXU VFL
&ROOHFWLRQ FRQWDLQV WZR IRUVNROQ®E WGHVDWH & \PERSR RQEVQ FR
&ROIRUVLQ D ZDWHU VROXEOH GHWINBWLW B RLWRUY NRKGH. G UZ P B U\GV
DQG UHWHVWHG SRVLWLYH LQ DO ORZXIEW HIISXSHDW KMGH VAR VE H/ IDHH \D\O WHR
WKDQ IRUVNROLQ ZKHUHDV GHVDFHWREPRRWBRWYRQ XMW GV RFKHHDW W
LGHQWLILFDWLRQ RI ERWK ,%0; SQGPPREURHYLORDVLKPWE MK BWK HV K F
DVVD\ FRQGLWLRQV XVHG ZHUH HIIG KER®®RXW GHWHFWLQJ H[SHFWH

BHFRQGO\ ZH FRPSDUHG WKH VFRUHV IRXODPODWHRP $RXEFGVKWKDW Z}
FRPSRXQG OLEUDULHV &KHPRLQIRUPQW® L6FS\HPWDR®PVOYERIDWKH V7 RFU
LGHQWLILHG FRPSRXQGV UHSUHVHRAKHBEKLQ ERW K DG EH[D B WA
WKH Wodbi VFRUH DYHUDJH IURP WKH WZR LQGLYLGXDO VFUHHQV
GXSOLFDWH FRPSRY&G W FRUGIGBIGHD DJH WKDW GLIITHUHG E\ + XQLW!

WZR OLEUDULHYV RI WKHveEaRIP YRR Q8 VD IHHUODGHGWX DW GLITHUHG |
XQLWYV ZKLOH RQO\ FRPSRXQGV KDGHUMBREN D YHQUDNY W, IQDW
VXPPDU\ Rl WKH FRPSRXQGY FRPRRRZMB FRWLKOO UEVDRIWHY

IRU Weibi DVVD\ IURP HDFK OLEUDU\ VFRIWMWY GZKIHWH QJ E\ R



WKH FRPSRXQGV UHVXOWH@ahtQ GRZ{H UHQ X COIHW HRY RHWZHHQ WKH W
GLIIHUHQW OLEUDULHV $IWHU UHWH \\WiZaRbJV MRUHH LY HUDHIGIFMHI R W Z
QLQH Rl WKHVH FRPSRXQGV ZDV UHGXFHGG \KRW® K MHUF RIRKVVENW Q HHRJ
WKH WZR OLEUDULHVY UHPDLQHG I IGIQHELOFORIW @ \ FRIXIOHU B W L W IKHIY ¢
GLIIHUHQFHV LQ FRPSRXQG SXULW)\ EHY®RE HEX G KH WRRHYKISS DR HQ W I
HUURU HJ LQ WKH FRQFHQWUDWLREBXVH® RLVGEXULQHUWMKMK,I6+ BB
FRPSRXQG ZDV VFRUHG DV WR[LF LQ R GH CKHMDQ VDK G RICRAN W QRIDQ R MK
ILVK LQ D SDUWLFXODU ZHOO FRXOBSEH FDKHHGQERFABRX Q G W KDY R QE H
LQFOXGHG LQ WKH GDWD IRU HDBEKS®RMINVU\ LQ WKH SRODU VFDWWH

7KH WRS KLW FRPSRRQBWDIWIRPVERWKRP 7RFULV IURP 6SHFWUXF
$+& LQ DOv&nW PWNB\V ZHUH FRPELQHG WR JLYH.DXFMRPSOHWH OLVW R
FRPSRXQGV ZLWK EDLFDOHLQ DQGE UBGKBRH LWV HF®W HLLQY/ EOR IMKG 6 L
VSHFWUXP Rl QDWXUDOO\ GHULYHG DNQ@® \DQ®& KIQMORPROKGROYHR QXL
6XSSOHPHQWDU\ ILOH 7KH KLW FRPRRY¥QG G H IAD 0 RLXPZ BKIX®Q H O
EORFNHUV DQWLIXQJDO DQWL LQ | CODPLFED/¥RUH\U IDIDOV D K\G HDIDWLISH. G P P
DJHQWV DV ZHOO DV FRPSRXQGV ZLWDERA R QY MOWSLLRERBOMDMANL F D

BHFRQGDU\ VFUHHQ hibp W[BWAHXH/ RRQ DQG LGHQWLILFDWLRQ RI IDOV
7KH WZR U HMaRbY WS URIWVLRQ VLIJQLILFDQWO\ UHGERWGYWKH SRVVLEL
UHVXOWY GXH WR H[SHULPHQWDO HEWR W KH D LIVOV WRK HK |8V SFRRVORGF R
FRQWDLQ IDOVH SRVLWLYH FRPSRXQGYVWKDSWRRQIJHMHRDGBY WOK LE
HOLPLQDWH VXFK FRPSRXQGV ZH HfiB0ORYWHGHFRE G BUN¥VHRQ RQJ
DVVD\ VFRULQJ IRU UHVFXH RI H[SUHWHURIO DALRXH GD\Y K 6 LRRV V@ HU L F
)LJ $ ODWHULDOV DQG OHWKRGV KHKD® YR\ BVHU R FOAMNHHYY W DY JW I
XS UHJXODWLRQ rabd WYRUBDWMIRR®D RQ PXWDQW HPEU\RV LQ FRQWUD\
UHJXODW4nB M [BIUHVVLRQ LQ WKH SULPDU\ VFUHHQXH$OL.@ \FRPSRXQGYV
UHWHWbIRU FRPSRXQGY LQ WRWDO ZHUH VXEMHRWHG WR WKLV VHI
H[SUHVVLRQ :H XVHG WKH VDPH DVVD\ LRQPOAVDEBGER WAUHDWPHQW W
ZH KDG SUHYLRXVO\ IRXQG WKDW WU H IDVQRSH Q Vi ZIL MKV , %0 V B HDVEDHH W |
UHV KM H[SUHV\ad®Rge P@WDQWY QRW VKRZQ

JROORZLQJ WZR H[SH UL P HIQVMKDWHVMEH® WM U GUXJ FRPSRXQGV ZHUH
LQWR JURXSVY EDVHG o WHRHIH) DIKHWMIHQFOXGHG JURXSV RI FRPSR
VKRZHG UHVFEXH Rl WKH PXWDQW SiHBRSW\SWHY LIR® L YSHADILRORIO\ DU
WKH 3//J QRnbpIWESHHVVLRQ HTXLYDOH Q Algrid6¥X¢ koD\W D Q WK\ W U HD W H
DQG WKRVH WKDW UHV X @MW HGSIUHDVERPU DIVWWKIRZQ LQ )LIXUH $ :H



LGHQWLILHG FRPSRRBGIW  |URPP76S HEMURGBH GAISVW V VLR Q

DQG WKXV UHSUHVHQW BRWY RL B@GH PR GOMDE Z B D E)@ B 7ZHQW\
HLJKW KLW FRPSRXQGV IURP 7RFULV FRXOR PUGSHFW B VWURQJ
FRPSRXQGV WKDWaRD @ [BHMFXHRQ LQ DQ LQQHU HDU VSHFLILF RU $G
LQGHSHQGHQW PDQQHU $OWHUQDWIDNHG\RDW DWODWKID DV D\V ZHL
FRQFHQWUDWLRQ 0 LW LV SR\HWHERORS WX0Q &V VRIS UUBIO 6 XAl W K
H[SUHVVLRQ DW D KLJKHU FRQFHQW UDMMVKE4KBIO AWOWKH AOVH IRU |9
PHPEHUV RI WKLV JURXS DUH VWUXFWXUBOBPBPQWIOXQFVIRQDOO\ G
)LQDOO\ FRPSRXQGY  |IWARP BEAHFIWUXWKHHGEBHEVLRQ Rl ERWK
vcanb D Qubp. 7KLV ODWWHU JURXS2SRW HQ WdaEBbODND\ODARF KROIGNVLYHV LQ V
UHSUHVHQW JHQHUD QWRUKISSUMRRURIRGWUHORSPHQW DQG ZHUH H[F(
DQDO\WVLV UHVXOWLQJ LQ D IL\)DEX SFHIMWRIU\ IKDW FRPBRK ®EDW PD ¢
JLIXUH $ GLVSOD\V WKHVH JURXSV XWRQHHEDWDQI® RIM \W B ¥ W R IDW BH
FOXVWHUV WKH FRPSRXQGV EDVHG RQ WKHLU DFWLYLW\

&RPSRXQGV WKDW FDQ UHVFXH ERWKRQ@HUHFW DQG P\HOLQDW
7KH FRPSRXQGV WKDW FRXOwabRE WERAQ RO IHEE WHV W R U H
H[SUHVVLRQ WR ZL @dyrg6"*&HPXMNHONVLSUHVXPHG PRGXODWRUV RI W]
VLIQDOOLQJ SDWKZD\ 7DEOH QDOWHFRPHKMHGEVSRG RY WFIORMVWHU SO
) $OWKRXJIJK KLW FRPSRXQGV DUH VRBW \N & XW@ HULRXIQLO/ WK H GSHOGRW
ZH FKRVH WZR JURXSV IRU IXUWKHWDQDO\VMKHYB FDOXSRYHV\D DUH
DOVR FOHDUO\ VHHQ LQ D FRPSRX@GYVQMWE®/WN FA OB\ BD)V HG R %
LOQWHUDEWLYH YHUVLRQ DW

KWWSV DGOYGO JLWKXE LR YL VEKDROBEENLRQE HP HKWZPROU N B UKRDVSN. Q)
ILYH RU PRUH FRPSRXQGYV LQFOXGHG WKH%S\DRGLWKKM FOXVWHU )
WHWUDQRUWULWHUSHQRLGYV JHGXQL QG H UKD BAUMHGVL Q i GFXOKW M/UH U
LQFOXGHG RQH S\UD]JRORS\ULGLQH DQ®IVL WG K \BL&SL M P GAKIHMQ HDOF
EORFNHUV ZLWK YDVRGLODWRU\ SURSHUWLHVKH H¥YIGKH® VD UM PF L
IDPLO\ Rl QDWXUDOO\ RFFXUULQJ FRPARKQ 0 Q WS @ RLSFODAON LLFVDAQUAL E
QHXURSURWHFWLYH HIIHFWV -DQDE&W DO 6XEUDPDQL HW

$ VHOHFWLRQ RI FRPSYRRQIRV IPVYWHKHRU VWXG\ LIV + 7ZR GLK\GU
QLIHGLSLQH DQG FLOQLGLSLQH ZHBHWKKRNGH BRIRIRPXBDGXFKMRMHQ ZDV
WUDFD]RODWH K\GURFKORULGH D HOBIMR OWRS WHKIELQH GHULYDWLYH
QRQEHQ]JRGLD]HSLQHVDPQG EXNQYRIZIQF BFPRGXOPMIRU 7KRPSVRQ HW
DO ZKLFK VWURQJO/KCaBRABSUHYXORY MR ZLOG W\SH OHYHOV )
ZDV DOVR FKRVHQ IRU IXUWKHU D Q DIIRFALNVQ EBIRZHG URGN.DWE RW H Q W



DQG WKH IDFW WKDW LW ZDV WKH RIQ ®\HVWD OPLXP FKNEQ WOGR BGXROW V
UHVEK¥H H[SUHVVLRQ HIILFLHQWO\ , QLW LUDHOXH[ RIEaPHD QWY WR UHSH
mbp H{SUHVVLRQ ZLWK IUHVKO\ VRXUFHG FSPERXYGVHH D W8 WIHLA\D
DQG OHWKRGYV FRQILUPHG WKDW WHK&IBE\DQGLWHYFLRQDAMISLQH Q
K\GURFKORULGH ZHUH DE@hb WRSGHVVHRY HD @M WAJEUHD VHRQ
DURXQG WKH 3//J LQ P XW DR88cHPE O HFOH | RZIK BMUKHD V ) 3/ ZDV DEOH
UHGXdab H[SUHVVLRQ EXW ZDV iXipDHE[GH HWR/ IURHY WRUH.OG W\SH OHYH
&

7R H[DPLQH ZKHWKHU WKH QHWZRUNFRR®FVWHRQQ ® DIFW DEIOWM\ WRHS Ut
VHOHFWHG DQ DGGLWLRQDO IRXU WLKNGUR §HQ\G HG HM WKKDHV 7 RHF W H \Q
6SHFWUXP OLEUDULHV DQG WHVWHG \zanbl WM KHWHWYKHR FRRQOG DOVR U
adgrg6™** PXWDQWYV 1LOYDGLSLQH QHPDGLISL®EHSDUHORGOSLQH DQG
GLK\GURS\ULGLQH FDOFLXP FKDQQHW®REM KN B H YV VWRH QWKHR @Q/\SH A YB G
LV VWUXFWXUDOO\ FORVHO\ UHO DWEH G WHRGQ LM GDYIHQB QRY H % H VIB\R
UHVFXH RanBWALIFWK IXOO UHVFXH DW —0 VISBBEW )LJ 2ILIXUH
DQG D VWURQHbpP HNEXHWMLRQ DW —0 )LJ &[LY 7KWH WKUHH RW
VKRZHG D UDQJH RI \Wamh FCDVAX DL\QDWK H ZLWK QHPDGLSLQH $ VKRZLQ
FRPSOHWH UHVFXH IHORGLSLQH PLOGVEKNFXHIDQG DHIHFDQLGLSLQI
VXSSOHPHQW +RZHRMFHD WUDKMHILRQ RI OHUFDQLGLSLQH ZD!
vcanb H[SUHVVLRQ ZKHUHDV IHORGLSLQH FRMPWLOXKHA WR2VKRZ PLOG
ILJXUH VXSSOHPHQW

‘H DOVR WHVWHG D KLJKHU FRQFHQWUBWIKRIQSRU LDG R AU XFR\PHSIR X Q |
%D\ . ZKLFK KDG RULJLQDOO\ KARRMME DY DHARQ KLEYVD LQ: M
IRXQG WKDW WKLV FRP 8danbQH SIHIARKIHRE) RAVILFFW LY HO\ DW DQG L
DOVR JDYH D PLOG UHVFXH DW —BILBUMKYXSS[GHRPHPMWQW )LJ

, QW H U H \AW K@A O\ LV D GLK\GURS\ULGLQH WKQ®& DFR\QLDW R2LFMDKOFL:
VLPLODU DFWLYLW\ WR )3/ +XDIOW DO $OCGBREBRNQGV WHVWH
IURP FOXVWHU VKDBR NXE/WUHXFRPAUH FRPSRVHG RI D S\ULGLQH U
VXEVWLWXWLRQV RQH SKHQ\O ULQJWWZRURXWWU JHRRSLSDQB /A
QHPDGLSLQH $ ERWK KDYH VHYHUDO ISKO®JIH® D WKW HB X RE P R WK
Rl WKH RWKHU FRPSRXQGV D QLWHR\DUR XX H \P BE RY GG IWRJ WG FHS K
EHWZHHQ WKH GLK\GURS\ULGLQH VW UXFGW{ UHWHBRWP HV WHRIK \D WKV BB |
WKH S\ULGLQH ULQJ )LJ & )LJ 2ILIXUH VXSSOHPHQW %



1LIHGLSLQH FLOQLGLSLQH WUDFD]RODWH KVEXRFK\U RR IGGHHHFWO/ LQ
adgrg6 ™>** PXWDQWV LQ D GRVH GHSHQGHQW PDQQHU

7KH IRXU FRPSRXQGV VKRZQ LQ )LJXWHG RAHU H H/G\RR) V H MWW M & PIIRQ \
E\ H[SR¥g@e"*** HPEU\RV WR FRQFHQWUDWLRQV UDQJLQJ IURP W
EHWZHHQ = KSI 1LQH HPEU\RV Z&BHQWHMMWHRQRW GG AKX FRIROG
GLOXWLRQ VHULHV RI HDFK GUXJWION K$HGPEBYRNYQDHOYXMDWY REG D
UREXVW GRVH GHSHQGHQWar®RZ51 % H)ISOBWIRP RIQ UHVSRQVH WR
WUHDWPHQW ZLWK DOO IRXU G\uclnbVP50$ ZDV (DYVHYVVHREQER I
DQQRWDWLQJ HDFK HPEU\R ZLWK WZR YFRHWY \R | R@QHXYHESUHVHQWLQJ
SURMHFWLRQV VWDQGHGK H LRW KH U U KRSMJHHQY HLQW LRI WAKKHVIW DL Q )L J
VFRUH DV LQ )LJ $ $00 IRXU GUXJIWKZHUGWHEGWH. WR RU HAGKXHF H6 E RAWK
DQG WKH QXPEHU Rl SURMHFWLRQN GWHPHQEB QW MXHQHDU [ R UD HB®REWK
WKH IRXU GUXJV W KudanbQ WHIMQ MQ JRE MFKHHDVHG HYHQ DIWHU WUHDW
GRVHV ZKHUHDV KLJKHU GRVHV ZHUH HWH REKHGSW R MHFGKLFRHQ W KW Q X €

,Q RUGHU WR LQYHVWLJIDWH ZK H WSKHIQ RWAIBId6 Y B PVDD WV WKH HD U
FRXOG EH UHVFXHG E\ FRPSRXQG WU H DWUMDOWH GWHKR-E UQRM BHHUHU V R
REVHUYHG ZLWK GLIIHUHQWLDO L QWM IHWKISQFRIUFRQXBUDQWVKH: FBSk
RI )3/ GXH WR LWV WRI[LF L Wjcanb&RFRALNW HRQUNWZK_ KV R XWPKEHH U R |
SURMHFWLRQV VW DLMWGRIOWKXH L@ QWU HDU UHYHDOHG D GRVH GHSF
SURMHFWLRQ IXVLRQFO®GZKBLPIO 2DV RIEMDWGRY BW KLJ &  $V
adgrg6®®* PXWDQWYV KDYH D VZROOHQ HDU SKRE&RW\ISHHOMYIRHIWRB
HDU WR HDU ZLGWKVIQRUPDOHVHGFHRW EHWZHHQ LQGLYLGXDOV ZHU}
SKRWRJUDSKVY RI OLYH HPEU\RV PRXQMRG B FAIRMHOGHSHRB HUGIW X O W
UHGXFWLRQ LQ HDU VZHOOLQJ ZLWKKRIRIE UHDYINVG ARQFHQMWUDPWLRQ |
ILJIXUH VXSSOHPHQWH QW UDWHLR@N ZHUH DRAV R DEHWRH WPKB HB X U
FRPSRXQGYV DQG UDQJHELIW@PGLSLQH WR]RODWM KDGURFKORULGH
)L  2ILIXUH VXSSOHPHQW

7HVW IRU UMHmXH[RUHVVLR @24 @WB®HOH VFUHHQ IRU $GJUJ VSHFLIL
OLJDQGYV

7KH LQLWLDO VFUHHQ ZDV SHUIR0233: 6 (RH WK H KH SGRIA RFUBHKQW LDWH G
FRPSRXQGV IXUWKHU E\vcand NFRUHA/QYLRD | RQYr§s \DVOGRKDH L J

% WR LGHQWLI\ FRPSRXQGV WKD®LERFO®\SRMWWHQ W KBIOIB JIUG W H K BH
LWVHOI :H SUHGLFWHG WKDW D QE RRESIEDEIYG W XOFEKO B WV, B6 O;HIY W XKL J K
FRQFHQWUDWLRQV DUH OLNHO\ WR RZRWWKRIZRW WK bl XD @ G WHLHVWHW K



UHVFt288& EXW ZHUH QRW DEOHARXR G ISRMXHHQWLDOO\ DFW DV SXWDW
OLJDQGV IRU WKH $GJUJ UHFHSWRU H\WR WHIH F XE1HRBREP SRXQGV DE(
mbp LQ #283¢ DOOHOH ZH LGHQWLILHG  FRP&R¥%QHI Y UWHKINVWRMONVER UHV
WHKR2 VFUHHQ VFRUH VXP = LQ 7DEOH DHMIRZD SDBRRBOOXRGV WK
LQFRQFOXVLYH UHVFXH ZKLWH DQ® | FNERP SR QEWY WKOQ W QG WEK ) R W
fr4 VFUHHQ VFRUH VXP LQ 7DEOH  JWH\DU H KHI HIMX\P\WM G WRRK ® FW O O
GRZQVWUHDP RI WKH $GJUJ UHFHSWRUWBHYW®H® BRYE MW [ERHD LRU U D® |
DQG LV D NQRZQ DFWLYDWRU RI D GHQ VOHO S A QDWHL RX S)ERUW L K H
FODVV JUH\ DUH Rl SDUWLFXODU L @VDMHYN MR D W RACKHHR XWDHHS/U W K 1D @/WP
LQWHUDFW GLUHFWO\ ZLWK WKHIHHMHEQ BE L Q[P SIORI W RV FAKKIHWGAH \
adgrgp DOOHOHY EHWZHHQ WKH WZR FOD&VHV FDQ EH VHHQ LQ )LJXUH

,QWHUHVWLQJO\ IRXU RI WKH FRPISRXQW KH G OXKK BD\RW JWERXS LD
GHULYDWLYHV LGHQWLILHG LQ )LHGMQ EFQRVVRIQW RI| KK VERIR WH Q
SRWHQW GUXJV DE ®283¢/ R QWAIWGNMH WKHH FRPSRXQG QHWZRUN VKRZV W
FRPSRXQGV ZLWK VWUXFWXUDO VLPL@DQUUWG WR WKH WHEXQLEWDDU F
YLIV ,Q WKH SULPDU\ VFUHHQV G FRP SRMIE\QRHLHFD DG H

H[SUHVVLRQ WR VRPH H[WHQW FRPSRXQGV LQFRPBRXRUE\HY $+& D
ZHUH LQDFWLYH DQG ZHUH WR[LF UG®BWHDGI REBPWRRQ GWK W K BI'W XSIL\G
ERWK URXQGYV Rl UHWHVWLQJ ZH UtbpOHDN\S HHVRIXR@G DOVR WR AKHV F X H
VKDUHG VWUXFWXUDO FKDUDFWHULVW KFW IKIOWHOHX BN G RQ LD DGRIGD R
VWUXFWXUHV RI DJRQLVWLF OLJDQG VXRUGHERIVW UD W KR PD Q\R RXQ
VFUHHQLQJ DSSURDFK ZKLFK ZKHQ FRPER@®WGVINVWKVREPRLWRRUPD)
GHOLQHDWH ERWK H[SHFWHG GRZQV VSIDRMDKFZDUIHY XYW RO WKH $GJUJ
FDQGLGDWHV IRU GUXJV WKDW PD\JUQWHEHFWRGLUHFWO\ ZLWK WKH



', 6&866,21

$GKHVLRQ *3&5V DUH FULWLFDO UHJXODWHR GW RY LGH YFHHOR® FHOQW D Q(
FHOO (&0 FRPPXQLFDWLRQV WR HOLFLIW FQWWUJHROVUHWS B VHW VRK
LGHQWLI\ SRVLWLYH PRGXODWRUVZR\DNVKH\ $6{1X0 VWRAUDRIOR GHIOS QW ¥
DQG LQQHU HDU GHYHORSPHQW LQ WX HRHE DDILF/XOHP KN QR W BV R |
PXWDQW UHVFXH VFUHHQ JDYH WKHQSERMWHGWLDR O WRHLIGO W WUH FRP
SDWKZD\ LQ WKH FRUUHFW FHO OXOPSOER QM M[XV K\ EHJ K®INHD WMHR® D V|
DSSURDFK WRIMDMYPUHVVLRQ LQ Wagtgs PIMD GIWY RH[SORLWLQJ DQ HEL
LGHQWLILDEOH SKHQRW\SH WKDW PRRZGEHRXARSHGPPDQ XBO BN Q )RI
VPDOO PROHFXOHV ZH WHVWHG KLW ARPSRKXDEAHLRI WEKRXQWHU V
P\HOLQDWLR&Ig&6! IFFWDIQW HPEU\RV H LGHQWLILHGWKFRPSRXQGYV
UHVReahb H[SUHVVLRQ LQ W KnibpL B [BHUH WDILRQRQ® 6F KIAME Q FHOOV RI
K\SRPRUSKLF PXWDQWV VXJJHVWLQJ WKIHN IR FDAMHO HGIRIUYV S D WK BH U
DQDO\VLV R &adgrgé DORMBMOH GHQWLILHG D VXEVHW Rl  FRPSRXQGV WK
SRWHQWLDO GLUHFW LQWHUDFWR WQDRLW KR BEUQH G UHMHSWRU 7KL
FKHPRLQIRUPDWLFV DQDO\VLV RI WKH LLGH@WILL ILLHHG FKQXW WRIRISRRQ G V
FRPSRXQGYV DFWLQJ DW GLIIHUHQW OHYHOV RI WKH $GJUJ SDWKZD\

$Q RSWLPDO GUXJ VFUHHQLQJ DVVD\ GBXYREBULEHRWLIERF SRKIQ ®WD [ L
ZLWK WKH PLQLPXP QXPEHU RI 1DOVHYSRKMPLLYHN\O D/FG HBQYBJIQHJID W
DVVD\V XVLQJ JHEUDIMLIR DH PRRUSRRORIMWFNBIHQV WIMXKURXJIK WR
KLJK WHFK DXWRP DW Al % DRGHMLK\RIBVLNRH DRIDAHHQDO@ \VLV RU
EHKDYLRXUDO DQDO\VLVY %UXQL HW DO UHYLEEBGHNDPBGMXHIDBIW L

‘H XVHG DQ LQ VLWX K\EULGLVD@H RQSWHWMHR QV RKD@D 8 W H ¥
WKLV KDV WKH DGYDQWDJHV RI BH.]B & NRDW B DOHS WR GDWHYHQW
LQH[SHQVLYH WR SHUIRUP2ZLWK UH V>GRW E OMK DE\S DWW H DVON D DRIOXQVG. F
VWDLQLQJ SDWWHUQV FDQ EH DFFXUDWHIGAHORAR K BIGH H[ISEHHYW OR @ 1$H
XVHG WR LGHQWLI\ VPDOO PROHF&DH&EMK DLW BB Q H GIEXEHVWXRW O H
GRPDLQV DORQJ WKH SURQHSKURYV QGBXWHMWH]UBE LMY O5LFKWBU |

$OWKRXJK TXDQWLILFDW L ROR/I WUV @HH GIl[ 58 BWVZIRQKOBY HQJ\PD YV
UHDFWLRQ FRPSDUHG ZLWK D 10XR UNVF® D WROW Q DOW ZEH YWE HO OV W& |
vcanb H[SUHVVLRQ L&IgW&K R XWVDQRM ILVK FRPSDUHG ZLWK WKH ORZ H[SL
VPDOO GRUVDO UHJLRQ RI WKH ZLO® WREXKWW W PRWULGS VWRVSBREXF
SKHQRW\SH UHVFXH

5HODWLYHO\ IHZ |JHEUDILVK VFUHHQ® HCDNIH \EFHRHRE R ¥ G & Y WMKNDHQ AR |
LQFUHDVH P\HOLQDWLRQ %XFNOH\ HRWDOHVWRUYBUROHEWQODWLRQ LQ



QHXURSDWK\ PRGHOV =DEDFHWLDQQ SIXHW BRSIOMR GLVWULEXWLRQ
JOLDO FHOOV LQ ERWK WKH &16 DQG BUBHGQ@KWIRWPRRU WEH BD URBIW
vcanb HQDEOHG XV WR E\SDVV WKH G LDIQWR B RIPVRRM DLFRIDLUQR @ QG T
D ODUJH VFDG@Hp HOQSYWHHD/GRQ ZDV XVHG DV D FRXQWHU IVFUHHQ RQ I
FKHUU\ SLFNHG KLWV &RQWUDU\ WR K\EKHGSIRLLP B BYZ Q VUHDAXO 2 WILRKQ \f
vcanb H[SUHVVLRQ WKH FRXQWHU VFUHH Qntip VIV [B\HKEV MR & S HIH K @ IDQVIL
WKH LGHQWLILFDSRRIQVRY H FROBR X Q GYOWWBWVER ZH SIHIVVLRQ RI EFR
JHQHV SUHVXPDEO\ E\ LQKLELWLQJ WUDQVFULSWLRQ

'"HWHUPLQLQJ WKH IDOVH QHJDWLYKOUDQRXR WD DOD\VEK KNG G \R GONR
FRQFHQWUDWLRQ RI FRPSRXQG —BIWXR EW PSR ® QIGHNOW KVKVD \E HVRP |
WR[LF RU VKRZHG QR HIIHFW DW —PORXQWGVWHMNMQrARKIOGDBH G |UR
HIITHFWLYH DW ORZHU RU KLJKHU FR ®SHRYWUDLVDLRQ VZ RKXHOG B FIWAL R HIOX
SDUDOOHO VFUHHQ DW D ORZHU RU EMDHKIHLD WR @ A HSQWRWRF RROQZR W KK W
LQFXEDWLRQ WLPHVY DQ DSSURDFK WKE® BWVLGHBDMQAWMOQ S GR YIHE H/C
FRPSRXQGV LQIOXHQRIQQUQVHIPBIIWDKY L5 L F K W-HHIU H W WDKH
FRPSRXQGV ZHUH IRXQG WR EH PRVW DFWVX S SIRQ WIK®J URDQU I KR L F H
—0 IRU WKH SULPREZHYAUHHQFUHDVLQJUNEB LFOMEHHW ZRRWK GLIIHUH
GUXJ FRQFHQWUDWLRQV RU DVVD\ FREE®MNIRRQN RKD W K/ JORVYMF DQW |
WDNHQ WR FRPSOHWH WKH VFUHHQ U H\G PRI\ WHGH IDX® BMKHR| FRP S
SRWHQWLDO KLWV LGHQWLILHE@R % QWRIOXWW X Q D @ LOHHWRZHRW K RWBRLV H O H |
SULRULWLVH FDQGLGDWH FRPSRXQG R KLK\D WRIRBRK @GWL B RGDW HMWI W
DW GLIIHUHQW FRQFHQWUDWLRQV LBM'® % DAKLV DOVURQ@FK ZH LGHQ
DGGLWLRQDO KLW IURP WKH S\U L & L QU HFROQFHAHNU DRVH.@R @V H Z W ® LDQNL F
HVWLPDWH IRU WKH IDOVH QHJDWY MM AEAVSRXYGYV ERXWH ® |RI) WR\WM D O
WKDW ZHUH GXSOLFDWHG LQ ERWHRDO\EG DIUH H M @) & FKROGH CD MALBI U
UHWHVWLQJ EHLQJ FODVVLILHG \B W@ KK RW K QUR QW OLLVE B R WV [EEXO\H QARK
GXH WR GLIIHUHQFHVY LQ FKHPLFDO &ML W2 WKRIR) WIX®IVE L QI LIHVOMY 1Y X
FRPSRXQGV FRXOG LQFOXGH WK R\WH WK N WNDR Bl UX Q DHEROR\ FLR SIHRQH W
H[DPSOH LV WR[LF WR WKH VXBWUWHIWLB ODOLRBILY\FWE BV ERIVWVIKWH LOQ H I 1t
LQQHU HDU KDLU FHOOV XQOHVV PLFMDRLQMHFWHEKHUYWRR WKRIXQDBW ©
WKDW ZH ZLOO KDYH PLVVHG FRXO GFIRPROQGH PDNWOW® B VEIUR® DAS\HF L |
DVVD\ VFRUHG IRU WKH HDU SKHQRW) SHR RYROX Q G VYZHU W KIRW LWWHLYYHHU R
IRU WKH Uudanb X.H) RVKH HDU D Q @b HUW W NMYBILINRHUO\ WKDW WLVVXH VSHI
IXQFWLRQV RI $GJUJ DUH PHGLDW HG VB8 R X DKVGR Ul DWHIQWWE RX Q B W
E\ GLIIHUHQW OLJDQGYV



2XU SRVLWLYH FRQWURO FRPSRXQG QG4 WE R ¥ ROGIHKQRUXLU L\HFEU HE @ HB\H
FDWHJRU\ $ KLW 7KH KLW FRPSRXEG RRERRUH\QW ZQE RKQGWRFLE V
WKH UHODWHG FRQWURO FRPSRXQG VARV NROH QH D\QIBVK DG WKRIZK QIK
IXO0 UHVFXH REAMKPIOHWWHR Q8RWK WKHVH REVHU®BWY RQ WKIHIKOLJIK)
DVVD\ DQG WKH FRQVLVWHQF\ RI WKMKVERQDDQQY XPERFRHRYV KLW WRWDC
FRPSRXQGV LGHQWLILHG ZDV VLPLODNUWHWY \ERVHH QHKG FZRMIRXQG OLE
FRPSRXQGYV LGHQWLILHG IURP WKH 6SHR®RX®GYLELUDRIWKH 7RBGLV
OLEUDU\ 7KHVH KLW UDWHYV DUH @ RRSKHIWD E O PILW B UNVKRWHHHIRK G
%D[HQGDOH HW DO 9IHWWRLQ HW DO 'LOH\ HW

&KHPRLQIRUPDWLFY DQDO\VLY DQG Y LIVXHD® IDVADGAMRQR @D @/ K IR QWM N KD \
LGHQWLILHG KLW FRPSRXQGV 7 KHG SIR@IDW L DD RAWVHHILY ISKOZR R/l GALKVHS @ BiY
DQG DOORZHG WKHI V& H GWIL H.UF D QM ROWR X G W OXIYVA\UWHR | DEFWLYH
FRPSRXQGV ZLWK VLPLODU VWUXFWXUH WKH BRPSORXIQGC RIDH MWIZIKION |
GHWDLOHG VLPLODULW\ UHODWLRQVHKLISWOIGIL\QLIGH HDF®WIR RS RKNUGEX F
DFWLYLW\ UHODWR® QWKDL\S EQXOP SWR Y HD QM UX WX HBHXRSWLPLVDWLRQ
LGHQWLILHG KLW FRPSRXQGV 6HYHOKRWWKNbFXIGBY FRPSRXQG
H[SUHVVLRQ PRDBQHLHMO PRGXODWRUV 6L[ Rl WKHNMHH @ALSGQELQH FL
QLPRGLSLQH HIRQLGLSLQH QLKMNPIGABE IR | EHEKRQU RBRUW & HQMH V
FOXVWHU DQG LQLWLDO LQYHVW LLE®ML K@\ X DWW RUFR/PISRKXQS VI ZH X
DGGLWLRQDO FRPSRXQGV LQ WKLV FODNWQRHEQHWR XBYK\GURS\ULG
QHXURSURWHEWLYH HIIHFWV LQ PDPPW@LFCE® R R & B \E HH QPRCRLEQ QR
WULJJHU UHP\HOLQDWLRQ LQ D PRXVHSPRE H 6 SRIRPHHO WH. SDIHU VIFQD H U R
SHULSKHUDO QHUYH FUXVK LQMXULHVID@ UBW\VD®FKDP S D@ G W RPMH
FRPSRXQGV KDYH VKRZIHBUR® 1 WHRDIW BSDAVPRIGHOV@RDQLP
QHXURGHJHQHUDWLRQ LQFOXGLQJ |HDRG IQ8L1AMD GBLLSLGIH L3BW LIVOH W
$V GLK\GURS\ULGLQHV KDYH EHHG KRVSKRGH 8 WWRH UQ K HE/LW F$C
6KDUPD HW DO SURWHFWLRQ RIKAEH ID@RVGKHHWU PGB WD R QVPL
ZKHUHE\ WKHVH PROHFXOHV H[HUW WHadhtge PRWO QRW B WH QB VD\SWL R Q

3KHQRW\SLF VFUHHQV DUH DGYDQWDJHRWY | DRRWRB VY B 0 VS DW KRGRIILVF
FRQGLWLRQV VXFK DV KHUHGLWDU\ QHXWRS DD KH & & IDA}HG HWD @RHU U

+RZHYHU RQH RI WKH FKDOOHQLQVVI RUK B KIHGHROWSILF VWULRB R
VSHFLILF WDUJHW IRU DQ\ KLW FRPS®RE&QQEHDM@PX WM DDOW\'S Bl W KD\ V
FRQWULEXWH WR D SRVLWLYH UHDZXBKW ZIVWKR MFRGW QILQFIRP B RBQ
WKDW FRXOG SRWHQWLDOO\ LQWHUFREW GH. \Z H E\W CD EZ KV W RV K H SSI5U D\
FRPSRXQGV LQWR GLIIHUHQW JURXSWHERWLE B RHQRMS HD\E EQXW H &



PLVVH®2Bc DQG QROQMHQRXWDWLRQV ,Q WRWDO ZH IRXQG KLWYV
UHVReahb H[SUHV VLR BB HVVLRRQ3IACQDWOHOH EXW ZHUH XQDEOH WR
UHVFXH2AVBEOHOH :H K\SRWRHWDIOOH®KDOW WERBEOH WR SURGXFH Wk
OHQJWK $GJUJ SURWHLQ LQFOXGRQ\ FRRKEQ&N WKQDGNWIQHAHHURB W G L L
ZLWK WKH UHFHSWRU ZRXOG QRW EHQE-DHYR\R LRV EQ HVEKQ V &Y WGRHB)
DOOHOH )XUWK® EH QBEGHE WIROGHWHUPLQH ZKHWKHU DQ\ Rl WKH)
ELQG GLUHFWO\ WR WKH $GJUJ UHFHSWIRUXQRW LH] Q PRSIOAHS E3 D QGH V V
GLUHFW ELQGLQJ LQ LQ YLWUR DV\RDVX Q } RZHR/AHEL QDKIVR Q SEEIUR DG R
K\SRPRUSKLF DOOHOHV LQ JHEUDILVK KWR HD RRJ RD QIGHQ WHUH.KQ LV D
VSHFLILF FRPSRXQGV LV SDUWLF X O CDUBMQMN FRIWEE 6 I5QEDRQH WKDW V
WHFKQRORJ\ LV SODFHG WR WDNW LYOQRZGYP\QWLE DHH RV R VILHIGFHHU D W H
PXWDWLRQV LQ WRKJKHEBPROUKIWEGUUHXWHK® HIWSDIOU +U +ZDQJ HW
DO .RPRU HW DO

W LV RI LQWHUHVW WR QRWH RIKPRWP 8RX QRS VWIGH & IVLOL HBR B 8 VS R W H (
LQWHUDFWRUV RI WiRH WHRHSQW RY D F WKHWHU Rl JHGXQLQ GHULYDW
2QH RI WKHVH FRPSRXQGV GHR[\JHGXGHRIWKDGVDSUB YIURX O\ K& H\DWL
WKDW KDV QHXURSWRWW FWLH H V8 DROSARWH BDPRQSWHRIHQHUDWLRQ DIW
QHUYH LQMXU\ (QJOLVK HW DO V BHD RX QLR W R USHMMWMLKF\G \WKB Y H\
JDQJOLRQ IURP GHJHQHUDWBING L-® ®LFHWPXWDQW IRURUH UHFHQWO!
JHGXQLQ GHULYDWLYRY KRF¥B>XGIHI VKRZQ WR DFW DV SDUWLDO DJ
FORVHO\ UHODWHG D*3&5 $'*5* |RUPHUO\ *35 D NMARYHIINGDD WWR LD O
RI P\HOLQDWLRQ LQ ERWK WKH &16 DQG BNHB UPMBNHHWDIMOHW DO

*LHUD HW DO ®DO]PDQ HWOMH IXUWKHU ZRUN ZLPQ M QHFHVVD
LI JHGXQLQ W\SH PROHFXOHV FDQ D UMK ELDE D RGWHUWDLIFWDIVOH [GILEUH
WKHVH VWXGLHV VHW D SUHFHGHQW IRU WKLV W\SH Rl LQWHUDFWLF

*3&5V FDQ EH PRGXODWHG E\ WKH PHPEH DIV E UDIFGV ER R U HALWHUR O+
70 GRPDLQ FDQ SURYLGH SODVWLFLWWIRHLW KN DEEGBWRDY GE VDNOW
+XDQJ HW DO 3UDVDQQD HRQD BIKR®I URQQFDGQETLAWLYDWH WKH
KHGJHKRJ VLIJQDOOLQJ SDWKZD\ GLWHPWOOEXEDQ CALRORIDWA WIKWKH *
6PRRWKHQHG +XDQJ HW DO SOWIKRAK IR BIMV VG URO ZDV QRW
LGHQWLILHG DV D KLW LQ RXU SUWRBKR VFVUWHQRDHORZG! WIGHIQ @/ X\J V
HIJHWLPLEH $OWPDQQ HW DO D® G LWRMQKYFIMWDWLQ DVWYDQ DQ
SXWDWLYH PRGXODWRUV RI WKH $GJDB WSEDWHIZD\Q J : WH\A KDHFUN WKIHW H F
$GJUJ WKURXJK DO WG OHYHPR/ROHH/MLHUZRWER EH GHWHUP



,Q DGGLWLRQ WR WKH GLK\GURS\ULRUL\QHVWAROXMQYRUG JTHIX QKM G\HH
FRPSRXQGV FOXVWHU WKHUH DUH QBVRGIDXYMWBUV Rl VWHURLG
K\GUR[\SURJHVWHURQH SUHJQHQDORQH MXFFRIQIDMH KD G G RIPPDY\R D\R
FRPSRXQGV EDLFDOHLQ WDQJHUDWMRHIQREMKAYTRH G R WD KNO/QRE |
7KH IODYRQRLGV DR BFXORNRS ZRMWK ZLGH UDQJLQJ DFRMLYLWLHV LQ
0D HW DO DQG QHXURSURWHFW®%UD SE\RISWUNOLHY UHY$EDH®X
O PHWK\ODWHG 10D Y R QR4ns \D @ilpD M/[ SIHWFWERED PRWD QWY ZHUH

DOVR DEOH fi@4R DUDHOHFOXH LQ RXU DVVD\ VXJJHVVDIPQR IMKIOW WKH\ DFW
$GJUJ UHFHSWRU

2XU VFUHHQ LGHQWLILHG FRPSRYaBW\WKBWVERQQ EXW XCLIBWHRBW
UHVEKH H[SUHVVLRQ ZKLFK PD\ SURYLGH XWHiRXEF WRIRD V¥ DAFD ©D QL S X
IRUPDWLRQ LQ YLYR O9HUVLFDQ DQSURWRKHU FK®RY G W L QUWHX O SKD
DVVRFLDWHG ZLWK D @ SPEMKRRREX®PY 9HUVLFDQ RYHUH[SUHVVLRQ
WR EH VWURQJO\ LQYROYHG LQ LQIODGW R W IGRHY HFODRBHPHHD B/URI O M QI L
GLVRUGHUV UHYLHREG MO BQE HW BAGHOOL H\WFLO U LIKW HW |
&63*V DQG K\DOXURQDQ DUH FRRSHAEQHQWRDRI MKIP \L QKL BLKWRV
RI LQMXU\ DIWHU &16 GDPDJH SUHYH®W HBIQGDJRQOHIHQHUDWLRQ 6
DGGLWLRQ &63*V KDYH EHHQ VKRRIQR\® RIRRH R E LWHW KMRDUEH PHD L Q D V
D[RQV D SURFHVV WKDW LV UHYHUVHGHRXJUKGK®EWICRQ RI &63* OHYH
3HQGOHWRQ HW DO 'KHWKH & 68 KW R BI® RRHW K ODHPLR QLRID W LR
RFFXUV YLD D VLPLODU PHFKDQLVP WROWKOW URMREWHBQ QXYGR(QJ |
UHPDLQV WR EH GHWHUPLQHG +RBHYH\UUHIX QD VRR W QRW P UHHYMQ DK DR
$GJUJ KDV DOVR EHHQ UHFHQWO\ VERIRWLR Q D®)XGF HQIK EEIRQ HF F\® DQ
VLIJQDOOLQJ WR SUHYHQW PHWDVWDWLF PHODQRPD JURZWK O0LOOD

,Q FRQFOXVLRQ RXUWc&b \MPSVKR Y LVRKPIE >V RHWDQW HDU SURYLGHV L
UREXVW HDV\ WR XVH VFUHHQLQJ WRRW KWHR$GEGH QWIDWEIZRBIV YOKDW
FRPELQDWLRQ ZLWK WKH GLIIHdgig& WQDIBIEHOHW IO YWKQBHM@HYIRMR SOLC
SURYLGHV DQ H[FHOOHQW RSSRUWDWWEHNVRSHRGLKELMR FRESRE X QIGY \
FRXQWHU VFUHHQV 7KHVH PD\ SURYLGHO B SAHMWWVR Q W KR UQ WHIRW L\W
DSSURDFKHV WRZDUGV KXPADGRGA. RMWDRM\H\WO ZEBWHRQ LV DIIHFWHG :H
LGHQWLILHG JURX\SVHO DWHGX FW X 8 RXOWE XiHiyl6 DX WD QW KB HIHFW V

LQFOXGLQJ WKRVH WKDW DUH OLNHOJ SURVIKZ\W \ G B @ G VRWWHKIHDUPY RW KVCK\WM
FDQGLGDWHYV IRU LQWHUDFWLQJ HALRMKKFBI& HD G DU Y L W HDFRHG W R U X FAK X
FRPSDULVRQ RI WKH FRPSRXQGV VKRZGESWRD ER QX \WD/WALYHO $/6R Q W UL K



WR WKH HOXFLGDWLRQ RI WKH SKYRIUFD DJB QRSHIUWNALHI DH\GS R QY Q ES
IXUWKHU LQVLJKW RQ WKH XQGHUO\LIQD PHFKDQLVP RI $GJUJ VLJQD



0$7(5,$/6 $1' 0(7+2'6
$QLPDOV

6WDQGDUG JHEUDILVK KXVEDQGU\ PHWKRGYV ZHUHRHPSOBLM® WHVWH
YLVXDOLVDWLRQ RI LQ VLWX K\EULGHNBWIRRQRéréMr R N'DLQLQI SDWW
VWUDLQ ='% *(12 FK OPEN PHODQRSKROHV /LVEXW BIWH
SKHQRW\SLFDOO\ ZLOG WWcarb IRk [ SHHWHVKRBGDY FRQWUROV IRU D
VFUHHQLQJ H[SHULPHQWY 7KH ZLOG RYBWHWNEBUQPX\OI\GY IRDVGRVH
/IRQGRQ :LOG 7\SHgrgs PXWDQW DOOHQ@##*XVRGPHEIEX DQG

lau™* ='9% *(1( *HQJ HW DO 'KLWILBEQG BEMUBOUDLVHG

RQ D SLJPHQWHG EDFNJURXQG ,Q DOOVBDMHIRPRRZIQX VP XWD QWK HH P E
UHVSHFWLYH DOOHOH 7KH WUDQVJHQLF M@/® DQQWHKWHH & LIRWRIVP DD VQ .
Tg(smad6b:GFP) D JLIW RI 5SREHUW .QLJKW %D[HQGERMHWRYG :KLWILHOG
WUHDWPHQW HPEU\RV ZHUH UDLVHG LQ ( HPPWR PH&LXA :HVWHUI
KDYH XVHG WKH WHUP HPEU\R WKURXJKRXYW QR QBUND W RJRPEUWD IL VI
GD\V SRVW IHUWLOLVDWLRQ GSI

&RPSRXQG VWRUDJH DOLTXRWLQJ DQ®RDGPLQLVWUDWLRQ WR HPEU
&KHPLFDO FRPSRMREVRBBEPVFUHHQ 7RWDO OLEUDU\ 7RFULV %DWFI
FRPSRXQGV DQG 7KH 6SHFWUXP &ROOHFWL.\RBP WL BDRWVRKXUFH 'LVFR"
FRPSRXQGV ZHUH DUUD\HG LQ 00OWLEGEWNHE OH¥KLYHH W
OLOOLSRUH LQ FROXPQV +* DQG GLORWBGXRVFUKBH@LQJIJPH&ERQW U
ZHOOV FRQWDLQHG HLWKHU ,%0; LVREXWOODQBHWKWO[DQWKLQH 6]
'062 6LJPD LQ ( RU( LQ FROXPQWDRRQWKH SEBEVWHDMID\RXW LQ )
'LOG W\SH nacfeDRGQG KRPRAIGGFF® PXWDQW HPEU\RV ZHUH UDLVH
KSI DW f& LQ ( PHGLXP GHFKRK LRB®W BD® @ MWKHDW® DQ ZXBD W H G
f& RYHUQLJKW WR VORZ GRZQ GHWIHRLR)SPRIQK THLG R Bl DIMOD. &V BDAW H D W
7KLV UHJLPH UHGXFHG HDU VZHOOucanb EKY\H G VG LE@R IX WHD@X\F H FREAL R
(PEU\RV DW WKH KSI VWDJH ZHUH DOHUIKRW H® \I R/ OAXIOWHLHS FHUIPHERIQR V
OHVK PHVK ERWW R PLHO® SO®PWH WD @G WU RO BIGHWWH G UWMR HLK H G WUD\  V
DERYH $VVD\ SODWHV ZHUH LQFXE D\WM B W P E UN& VRAH U KK RKBI\D
WUDQVIHUUHG WR S$DDQCGRVUWBROGEBKN® f& RYHUQLJKW (PEU\RV Z|
DFFRUGLQJ WR WKH VWDQGDUG SURWRFROWRUNGHDWQG fRKLQVH
PHWKDQRO XQWLO UHTXLUHG IRSU&P D U\L WAU HBIQAWLU HHWGBH VG UMHKIHD H C
WKH VDPH SURWRFRO 6HOHFWHG FRPSRXQ'GM RR UsH JPOU FEKID VAIGE SLHD
FLOQLGLSLQH QLOYDGLSLQH 6LJPMH2SI$EORRBOOHFMW LA DU RMHPIDGLSSL
&D\PDQ &KHPLFDOV )3/ DQG 6D QW DDSRJROB WRWHABKIRAE® R R U MGH



'KROH PRXQW LQ VLWRQ KD\@DDGLMDWLJIJHQH H[SUHVVLRQ

'LJR[LJHQLQ ODEHOOH®as $. 5Q R EHWW DRU mbp mBp® G % U|VDPOH

DQG +DOSHUQ Z HOUH UHFHRPPHIOG HG 5RPFRMQW: KROBED V
SHUIRUPHG XVLQJ VWDQGDUG SURFHGXBRWGLVIKHL® VR W W& H RALVRAD Q H
+7, 9 LQ VLWX URERW ,QWDYLV D QRWMBWSLOEW HM QVRH VG FRIHH\DR/ 1
WKURXJKSXW %D[HQGDOH HW DO RHG \W D RYDOG GI\PEUDRW QDWW R
SHRSOH DQG DQ\ GLVFUHSDQFLHV EHWZEHG Q) RUK M K H \GFOM VU SR QW
GDWD WKH UHVXOWVY ZHUH EOLQGHG BVMQKSQBEH VFRUHG WR FKHEN IRU

BFRULQJ V\VWehR DRi@®p H[SUHVVLRQ

7R VFRUH WKH HIILFDF\ RI WKH @&anJR509 GRYBOUHIXOBRWURQYJI V\VWH

IURP WR ZDV XVHG ZLWK EHLQBLMWHGWKRUBD pXUW DY NVUADHVIED Q

VXSSUWeamb/ H{TSUHVVLRQ EDFN WR DOPRVW ZLOH IWR S 16 DY W& D WD Q G

GLG QRW KDYH Boanb HASHBVD RDHOV H[S UadydHEX WD @WHHDU 6FRUHYV
DQG ZHUH JLYHQ WR GUXJV W&RWQVIOREENS B[S DEYOLRO WR

VRPH HIWHQW ZLWK JLYHQ IRU D V@ URQXHWH GRZQ WHINK@BWHRQ W

WKHQ FODVVLILHG LQWR FDWHJRULHGW=R UB FIRRPGW & B WK WHHH HFREPLE

WUHDWHG ZLWK HDFK GUXJ )LIJXUH %

JRU WipHFRXQWHU VFUHHQ )LJ $ % D VFRUHZRHWEHDYV XVHG IRU HP
P51%$ H[SUHVVLRQ ZDV UHVFXHG WR ZLORBUWABHBUIRY MOM VD WHKRZIHHGR |
VRPRbp H[SUHVVLRQ DURXQG WKH 3//J ZHDNHD WKPWHZRDGLW\SH OH)
FDVHV ZKHibp WEBHHVVLRQ ZDV LGHQWLFDO W RAIyEH*RQH VHHQ LQ XC
PXWDQWYV Lnthp GBIDFWHQPVLRQ DURXQG WKHM H[SUKMVIDE® IWKQRW
PLVVLQJ DOWRJHWKHU IURP Rudit#6D PHXDAD @WW KDHDOREZ HG XV WR XV}
VFRUH Rl LQ FDMHN[EWHYUWMLRQ OHYHOV ZHUH ORZHU WKDQ WKRVH \
adgrg6™** PXWDQWV

+LW VHOHFWLRQ

'UXJV FDWHJRULVHG DV $ RU % ZHUH FR *KIHGWHU F5G& PNKHFE H\QW ROQBI@ G
GUXJ DVVD\ SODWHYV IRU IXUWKHU W&AHNIHY $ R WIHQW LBD/DON JRUVA N H B VD
DQG D IHZ ZHUH XVHG WR FRPSOHWH D ERPORKIQHKWU\ 'SIXAN SODWH
FDWHJRULVHG DV ' DQG ( ZHUH FRQVLO HUIR) & L\W RY&KRY RIQFRPSOHWH
H[SUHVVLRQ UHVSHRWLIWPY ADWHIRXIV) FEBEHWHO RSFHQWDO
DEQRUPDOLWLHY KHDUW RHGHPD BUDAd @ RHGWHPHDRMP BRWWIQOBW W K
WKHUHIRUH ZHUH BYXDWREW H &IDWHISI R U \G*U X BIN6 WHKVEH/Q WHIGH SRWHQWLI
FRUURVLYH DV QR ILVK ZHUH IRXQ G M) WWKH VW PZHH@DVO VDWW KAROH] K QUK



FRXOG DOVR KDYH UHVXOWHG IURP GHO WK RWIWKM EH\PEU\RV IROORZ]
PLFURRUJDQLVPV RU WKURXJK H[SHULRHDRVDQ\ HRJ WRKIH F D XWJIH/J R/UKIDHA
*DQG PRVW IURP FDWHJRU\ & ZHUH BQGPZYDM QR WUIRRFO O/KEHIBYV V L
IXUWKHU ,Q DGGLWLRQ FRPSRXRQIBYH XM E O W MIR EHSWHVEAV WG | X
GXH WR FRPSRXQG DYDLODELOLW\ LVVXHV

&RPSRXQGV WDNHQ IRUZDUG IRU VHFRQGDRU IDWVNWDLD ZHU$ FKRNG Q F
DYHUDJH VFRUH IRU WKUHH UHSOLFDWIRW\VSR® DO HPE QR LGLVDIO |
VFRUH ! ,Q WRWDO FRPSRXQGYV HUFWHI ISQF N B E 0 RE LW B HVE R X\ KD W
ZHUH SUHVHQW LQ ERWK OLEUDULRRP SIRKK\DCOW LDKHLQF U HIDGLY L GX.S €
LV VKRZQ LQ )LIJXUH * DQG WKH VRESRXREBWWHVUBBXSHGI RI)EIJXUHV

'RVH UHVSRQVH DQG /' DVVD\V

BHOHFWHG FRPSRXQGVY ZHUH WHVWHG L ® G RAMH DUWHAH/R/QW K HD MDD\ V
VZHOOLQJ LQ Gddnga** % PHXDWDIK)®Y HPEU\RV WKH HDU WR HDU ZLGWK ZD
IURP SKRWRJUDSKV RI OLYH HPEU\RV P RDAQ VRHIGWKRIUVD]GIOR | BVEK® ® R T
XVLQJ &(//% VRIWZDUH IRU GHWDLOV WWH )LJ 2)LJXUH VXSSOHPHQ

$Q /' FXUYH ZDV SORWWHG IRU WKH DGMSVWHKGE IHJ$S RVX O H WLA H
W\SH HPEU\RV ELRORJLFDO UHSOLFDBRG \FURNY FRQMWHOIDXPWOIDWLRQ |
GHDG HPEU\RV HDFK ZIHPE WRSADY: NHSW LQ D VHSDUDWH ZHOO RI D
$W WKH HQG RI HDFK WUHDWPHQW W KBDQXWEEHDUNRIRGH D & HIFREQUG R V
ZDV UHFRUGHG

OLFURVFRS\ DQG SKRWRJUDSK\

BWLOO LPDJHV RI OLYH HPEU\RV ZHUH WDMMHRY KREBJ HQ 2QRRSXV %;
FDPHUD DQG &(//% VRIWZDUH DQG DVVHPE®®G ELMKRIGREKVIRRWR
ODWHUDO YLHZV ZLWK DQWHULRU DUWRGMKHGW RABK KK Q@ ® HW \D R & KG-RUZ\L LY ®
VWDWHG )RU DUFKLYIL@H G | HPEG RYGZ ¥WHX DRDLIGF® HHQ OHVK SODWH)
FRQWDLQLQJ JO\FHURO XVLQJ D 1L \DRQD$W R PR WUV W SH HZ LAWK R
BFLHQWLILF  $ FRREXWHIR/MHIG LZDV JHQ KH DIWE GCOKWPHDMWW ([WHQGHG
'HSWK RI )RFXV VRIWZDUH 1LNRQ

7LPH ODSVH LPDJLQJ RI OLYH HPEU\R\E Z DV JXMU MKHHG IRLE DRVHFIR\G\H
adgrg™ KRPR]J\VJRXV PXW D QWTd{dMBEdShREFP). GIDFNJURXQG ZHUH PRXQWHG
KSI LQ DJDURVH ZLWK DQDHVWKBWGF 0878 WR SUHPYOHQW



SLJPHQW IRUPDWLRQ ,PDJHV ZHUH MHDNHBYRIUD GRIWQMVWOHWLHZ RI W
VOLFHVY —P VHFWLRQV $ FRQWUWEO M)LUPHPEDSK HLRD DHAL &/® N\HQ H
PLQXWH LQWHUYDOV ZDV WDNHQ/ E® WHVHSPDIDHGHD®REG D, POEWHW |
VOLFHV WKURXJkdywg&™ DIQQMGHBSRRWHULRU SKHQRW\SLFDOO\ ZLOG W\
SURMHFWLRQV ZHUH XVHG WR PDNH 0D[RRX®P ,QURMHALWRIY RAWH.RWLE
WKH ZLOG W\SH VLEOLQJ DQG g6 PR DV SHPREMNR W 7RG VWLAR
YLGHRY GR QRW FRUUHVSRQG H[DFWODWR WKH VDPH GHYHORSPHQYV

&KHPRLQIRUPDWLFY DQDO\WLY DQG GDWD YLVXDOLVDWLRQ
&KHPLFDO VWUXFWXUHV RI WKH OLEUDU\GFRPERXQGENWUUHSUHVHQWHC
ZHUH REWDLQHG IURP YHQGRU FDWDORWMHY XWIROHWKEBHAMDYKUH VWL
SURFHGXUH RI 02( &KBHRMURDIO*&@RRS ,QF OROHFXODU 2SHUDWLQJ (Q
02( ORQWUpPDO 4& DFFHVVHG WKURXJK .1,0( %HUWKROG HW
6WDQGDUGLVHG PROHFXOHYV ZHUH DQDQ\BRNMOPH R®H BL.QMR UP DWW F¥S
KWWS 777 UGNLW RUJ DFFHVVHG3\WKBRQ W ZD UH ) RMWKXERDW LR Q

3\WKRQ ODQJXDJH UHIHUHQFH YHUWRIWRDFFHNWMWGY 1RZZ S\WKRQ
ORUJDQ ILQJHUSULGHW X LRIDOBI®W W R (&)3B + BRGHUV DQ@QHUH
FRPSXWHG IRU HDFK FRPSRXQG &RPSRBQE L\QLP WKBULDQ LPIRWRD O F X
FRHIILFLHQW :LOOHWW HW DO J WK\RALWKW QD H Q SQLLEUADW X VAHG U H
DO %DVHG RQ WKH VLPLOFRPSRRQ® S0 LENW DHGIQB@®IJUDP Z
REWDLQHG XVLQJ WKH 6FL3\ OLEUDU\ BRRIOV AKKWQIBRKREH 6 FLHQWL
KWWS ZZZ VFLS\ RUJ DFFHVVHGDUL REBWRW ZBEW BRHDWHG XVLQJ

PDWSORWOLE OLEVDRQ SUXQWHG YHLQIVHI BPWMWH YHUVLRQ 3O0RW
7HFKQRORJLHV ,QF &ROODERUDWQWLUBBM®WD VFLHAR B HIORIWO\ 0R
GXSOLFDWHG PROHFXOHV WKH ,Q&K, FFRS XMHHOG HRIUHWD PO FRP S R G
DQG DOO SDLUV RI FRPSRXQGV ZHUHH\KHFR H® HRW HGMIQW ERP SR & &
QHWZRUN WKH VLPLODULW\ PDWUL[ FREBRWHG PRIG WRW R IDQGURJIUL
DGMDFHQF\ PDWUL[ XVLQJ D WK U H \RKRQIY W B CX M LFPIL O D UL W\ F/ROROSX H R

DUH FRQQHFWHG ZLWK DQ HGJHRQ7XBINGBW HRBUXV Y DV XO\WIRADADIS H
6KDQQRQ HW DO

6WDWLVWLFDO DQDO\VLYV

6WDWLVWLFDO DQDOHA\G HXW ZQ U HUDHSIKIFRIUGR3 U LR/ YHRUJ VLIRD SK3D G
6RIWZDUH /D -ROODB &L IRDGKBBGE FRP 7KH 6WULFWO\ 6WDQGDUC
'LITHUHQFH 6686KDQJ IRU WKH GRVH UHVSRQVH PNWDVXUHPHQWYV
FDOFXODWHG XVLQJ WKH IRUPXOD




$FNQRZOHGJHPHQWYV

'H WKDQN D QXPEHU RI XQGHUJUDGXDWHKB®G W §E EXMWRIMG VR \HDXI®H (
VWDJHV Rl WKH SULPDU\ VFUHHQV GHVFHUE BIGRKKKOGIS HE SHMLKD OO\
HVWDEOL Wkl Y HRMRQGDU\ VFUHHQLQJ SURWRFR® O YWFHOHQJI WHVWHG
SURWRFRO RQ ZLOG W\SH HPEU\RV :HGWKDQNODB]B\DKOCRD 6D @ X UE
+DWHUHQ IRU WHFKQLFDO VXSSRUW KH BREHUWO® WD GXDBKXR LRADDDIC
H[SHUW FDUH RI WKH JHEUDILVK

(WKLFV VWDWHPHQW
$00 DQLPDO ZRUN ZDV SHUIRUPHG XQGHMPHFHQFH IURP WKH 8. +RF

)XQGLQJ
7KLV ZRUN ZDV IXQGHG E\ JUDQWV IURP WKH % %658 R % %: - %
DQG 6% (' ZDV VXSSRUWHG E\ D 3K' VWWXIGM\QRM VEKLIS! ILHRPGW KH 8QLY
$$ ZDV VXSSRUWHG E\ D %%65& :KLWH 5RYHVMPHQERY D ®Q33J RREPVWRWLL @
7UDLQLQJ $ZDUG % %$5ZDV:VXS/SRUWHG E\UXVMO® BRPAZD U G

/LJKW VKHHW LPDULIE RBW A VRIOHVERKH F LLIHKOGOLFURVFRS\
)DFLOLW\ VXSSRUWHG E\ D %%65& $/(57 ™DrZDDUECG %% 07 KH W R
6KHIILHOG =HEUDILVK 6FUHHQLQJ 8QHW PRSRIHENG |EV K UDIQWV LI D RZH
05& * * 7KH UHVHDUFK OHNGOWVWD W KHFHLH G IXQGLC
IURP WKH (XURSHDQ 8QLRQTV 6HYHQWK )UDHP HZRUNGHLRIUD@WH )3
DJUHHPHQW QR WR 9-*



7DEOHV DQG )LIXUHV

7DEO|02|;|3 /ILVW RI WERXQG&VWNVKPW UHYVFXHRBQWRI HER{S KDHOMBP L Q
adgrg6 ©***°

PXWDQWYV WKXV UHSUHVHQWLQJ SXWOOMDWRUSGIUI SDWKZD\ PRG

7KH WDEOH LQFOXGHV WKH SO WORZQGDEMAYD D'Q ® AWK YXMUDJIH VFRUH IUF
adgrg6®®* HPEU\RV Vc@bWOKHY D\ | UsRdrge’t’f* HPEU\RV ) DWMKWD\ DQG IURP

WK Bdgigs™ HPEU\RV 2@ WKWD\ *UH\ VKDGLQJ LQGLFDWHV GRPSIDKF QGYV SUHV X
ZLWK $GJUJ UHFHSWRU GLUHFWODWHRPGRXBGCGYURZAIMNEBHGIWMR EHFGRZQVW L

HITHFWRUV Rl WKHHBYOWKARQV$SEEUGHDGQR EDWY &' 6SHFWUXP 7 7RFULYV
I1RWH WKDW FLOQLGMINDWH FP@Q GBWIXKRW VKRZQ

7TDEOH 2VRXUFH GDWD
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YLIXUH &R P SDaddrypR D XRVDQW DOOHOH SKHQRW\SHV LQHWEB LQQHU HDU D¢
QHUYRXV V\VWHP

$ L*LLYH LPDJHV RI GSI RWLF YHLLEIOHE WO B MalthB O TQLIH Z L L

adgrg6™ VKRZLQJ WKH VZROOHQ XQIXVHGRWIRMMWFWLLRIHN LIKQ WK HD BXSWD.Q VW R P
ZLWK WKH IXVHG SLOODUWY®YWK H\24n® ® W\SESHDULY :LOG W\SH VLEOLQJ
adgrg6®®*  vYadgrg6™ PXWDQW HDUV VKRZLQJveaNHU® [\WHKHVAVQRKYHRE SURMHFWLRQ
6WURQJHU VWDLQLQJ LV VHHES L QY MKV IR U TS0 O W@ H L[ GRUVDO
YLHZV [+[LL ODWHUD[O ZULMGE W \SH adgrga3T® J L[Y Hdgtge"fL VKRZLQJ

FRPSOH[ VWDLQLQJ XBWHNHIRN DLQUR KW G GDDBUKRTZK HIKLWH DUURZKHDGV
mbp VWDLQLQJ DURXQG WKH 312B3c VD iV D@W HQHERWERDFEN DUURZKHDGV VW
WKH SRVWHULRU ODWH U D @288t PHK W B Q WH/ IDWQ BRVEYWQWWY EODFN DUURZYV
% 6FKHPDWLF GLDJUDP VKRZLQJ WKH VW UXF® XUKH FSIRW KW LEFCIV R | WHKEH SWR |
DPLQR DFLG FKDQJatdrgeR B XWKHQ W ZIROO HO HV  X&/ H/G JLKQV WKKLHH WWRXLGA\U RV F R S H
LPDJHV X Vd(§nhdbb:GFP) OLQH VKRZLQJ DIGRKH/ BIO U LBIGWHU LLRULWR WKH WRS
:LOG W\SH VLEOLQLRURYQQ@ISBYWHULRURF. OXOHGB/ SEBRRMHGWLRQV LLL 1R\
LPDJHV DUH IOLSSHG KRUL]RQWR D GIODVHR REDWKNM RRULVHADOVGHR W RQ WKH
FRUUHVSRQGY WR a PLQV LQWR WYHJRPGMHRVLP H Y0o{¥8yd8 W LGB RLRD J H
PXWDQW ZLWK XQIXVHG SURMHAWER QW WHKBWGHRVDW HEEWRYQBWLRQV $&
OXPHQ RI DQWHULRU VHPLFLUFXOBRQ&FD QPIDU LR\ WHWRUQRO SWHRMHHROML &8¢
&RPSOHPHQW & U & VGRPIDL@®OB&' H[WUDF® OGXDDBE&BRPOWR SURWHRO\VLV
GRPDLQ *36 *3&5 SURWHRO\WLF VLW3R PR KRORMROIHF BOQEOPU GRPDLQ 1
DPLQR WHUPLQDO |UBQPRIQ¥R V3&H DLXPU VBI® L B SU SRYDMHBDRU SURMHEWLRQ
3HQWUD[LQ GRPDLQ YS YHQWUDO SURBRFI/I®Q 6 MMOH EDDQVPHPEUD KL |
$LL+YL PLQ $Y[LLL IRUPSIYQ L&+ IRU &LL*YL



9LGHR

/ILIKW VKHHW PLFURVFRSH WL Plig(s@@i6nGHPY IO HR XY KQDBKWKIHUNY FHOO
PHPEUDQHYV RI WKH RWLF HSLWKHO MWRR |' WKHDOHYWHIZQ QIQW HD URRI WRSKHQF
ZLOG W\SH VLEOLQJ HPEU\R VKB2LDQ GV/8& RRKRMQSAHRUWLHRFRW IOFDQWH W KH DQWHULR!
LV SDUWLDOO\ RKMW YRUGHR ZW K HQ SWMRVQHULRAV SURGI RAWWY WKH SRVWHULRU
IURP WKH ODWHUDO SURMHFWLHR®@HHWH IBQ & MUHHFARIOR'H DMRGIERX®JD SLOODU F
PLQXWHY DSSUR[LPDWHO\ KSI+ KSILXKFKRBWHGQMBRWAKRIZR/MHBWLRQ RI VH(
z VOLFHV VSDQQLQJ B-SEURD)SMDWHG\HYHDQG BIOPAWEBVEDFN DW IUDPHV St
VHFRQG 6HOHFWHGY\W\® H®RO VOILUSFSH B KPR WMH R QWKL QW OVKWHKP XW D QW

HDU DUH VKRZQ LQ )LJ &

9LGHR

JLIKW VKHHW PLFURVFRSH W L Plig(sO@6NGFPY LOGHR! X VRQYDKNLHZ RI WKH ULJK
LQQHU HBRdgrg®*DRXWDQW HPEU\R VKRZLQJ DQWHULRHF\EMRWHUD O DQG SRVW!
SRVWHULRU SUR DK VRIXRWQRIVYS B Z WAL W&W YWGRWR SURMHFWLRQ DQG DQWH
IURP WKH ODWHUDR SXRW AR QYWRQ XHRWM® QBRX ISDVWKRHQOXQIXVHG SURMHFWL
URWDWH DURXQG HDFK RWKHU RYHU KSPL®&SWHW KBISBIURH RPDMRZOA D
OD[LPXP ,QWHQVLW)\ 3URMHFOIFRLY RISDOQHBDW WG SUR[LPDWHO\ —P FDSWX
PLQXWHV DQG SOD\BBHEDSMUDWHFRIQG O 6NOHRWHMEKMWILGHR DUH VKRZQ LQ
&
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JLIXUH 2ILJXUH VXSSIXPRMQAW FBMLRBBRHVVLRQ DURXQG WKH SRVWHULRU
OLQH JDQ IOt PXWDQWYV DQG ZLOG W\SH VLEOLQJ HPEU\RV

$ 7RS ZLOG W\SH :7 VLEOLQJ BUHKRUM MDY QHE. MM O BLHZ
DQWHULRU WR WKH FCCHVYW YV 9RN HJ B RJR@RL X QMG URIY WKH TXDQWLILFDWLRQ
DQG ULJKW SRVWHULRU ODWH WD OVEVEIW \J RQ LPIDRG W RJLVRIQH ®HOR DQG ULJ
HDFK RI  HPEU\RV WRWDO Rl HULHHBWGILPBOXKGLWENWWHKUHVKROG DUHD
OHYHOV VHW ZLWK +6% RQGDMMWUREAH +JKWQHVYV + DQG WKH ELQDU\
LPDJH XVHG WR GHWHUP L Q H#M#gry6i5°H P XRV D\QWD HREQIR LPDJHV FRPSDUDEO]
WKRVH VKRZQ LQ $ ZLWK LG H QWIHRD O GV)KAVRIF/KIRWLG/ R @ VRWHIMXH/ DUHD R
VWDLQLQJ E Hig@6PH® RMKKWD QW DQG ZLOG W\SH VLEOLQ@W IHPEDWR\REVLQJ WKH
REWDLQHG LQ $ DQG %WXGHQYWYW (UURU EDUV UHSUHVHQW WKH PHDQ *

JLIXUH 2ILJXUH VXSSOHPHQW 2VRXUFH GDWD
6RXUFH GDWD IRU WKH 8bpURFFQUWBYHROUMRRRZIQ LQ )LIXUH 2ILIJXUH VXSSOHP
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DAYS 1 8-10
1. Pair adgrg6 2. Grow adgrgb 3. Dispense 3 4, Incubate with 5. Fix and bleach 6. In situ
homozygous homozygous embryos per well compounds until embryos. Store at hybridisation
mutant fish mutant embryos in mesh plates 90 hpf -20°C in methanol with vcanb

to 60 hpf
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adgrg6tb233< rescue screen

otic vcanb expression DOWN fnalysis.of compouinds

Tocris Total Library Spectrum Library .
1120 compounds 2000 compounds L= Scaffold and dendrogram analysis
Retests of cherry Retests of cherry

Scatterplot of all scores
picked hits picked hits - P
adgrg6t233 rescue counter screen : :
Analysis of duplicate compound scores
Schwann cell mbp expression UP -~ ¥ 4 3
Identification of 1

Removal of false

pasitivias Adgrgb pathway

modulators

adgrg6/™* secondary assay
otic vcanb expression DOWN

Network analysis of similarity relationships

Rescue of fr24 No rescue of fr24
Adgrg6 pathway Potential Adgrgb
interactors receptor interactors

JLIXUH 2YHUYLHZ RLQWXBWHAMNHFURWRFRO DQG VWUDWHJ\

$ 6FKHPDWLF RI WKH VFUHHQ{RPIRP\ RV sogmsRF ROWD QW ILVK ZHUH

SDLUHG WR UDLVH adyde#*QPWBQW RIPEU\RYV (PEU\RV ZHUH JURZQ XQWLO
ZKHQ WKH ODWHUDO DQWHULR M DML RWKHH UQ R bl IH S IDW KBIWH. IHY ISSHRQ W 7K
HPEU\RV ZHUH DOLTKRWEG RQW P H\DKE E RVO\® RPHIBWRX DV (ZPHGLXP 7KH PH\
ERWWRPHG SODWH ZDV WKHQ W UFIR@W B FRKGV WROWARP SRIXQ GVODW I KRZQ LQ



SODWH OD\RXW DQG W IDEW DU ERPSRXQBRR (PHEBEXP 30DWHV ZHUH LQFXED
DW f& XQWLO KSIWWRRHGHGIOEWH DQ®& KHPEUWRD QUIHHWUHG WR  3)$ IRU
IL[DWLRQ & RGHWRHIX®UMDFHVVWEBG IPULFERMWBSKY VKRZ D VHOHFWLRQ R
W\SLFDO UHVXOWYV 7UHDWPHQW ZLUWRKY RS —0H, 9000 WS/RVQVWDLRNVHY FREWFXH RI
vcanb H[SUHVVLRQ ZKLWH DUUR@KHBESUHMVURQJ ROMLAFN DUURZKHDG LV HYL
HPEU\RV ZKHUH WKH FRPSRXQG KD G QRHIHDM FRQWBROKZWO OQGQIRW VKRZQ

WKH VSRW RI VWDLQ LQ HDFK HPEVARH RIMNEQH H[BKWWN HRQPLSDHY DUH VK]
RI ZHOOV ZKHUH FRPSRXQGV ZHUHNVKFHRAH G LDIVVD, K0 W URIGH HRVHQWHG LQ WK
6SHFWUXP FR@OMHFSMIR@H RI WKH FRPSRXQG V FRRHLHQ RQIPFY\WOUIDMONYLY QG Fk
7KH OHIW KDQG VLGH GHVFULEHV WRBWRR 2URJ KWSKDQBHQVWEBOGHERNENLEHV W
FRPSOHPHQWDU\ FKHPRLQIRUPDWDRNV BSHRAHIMY HY )RU GHWDL



B Category vcanb score sum (n=3) No. of drugs in Tocris No. of drugs in Spectrum

0-2 25 68
>2-4 52 56

>4-6 15 81

>6-7.5 99 269

>7.5-9 869 1413
Developmental abnormality 37 68

No fish 23 45

Tocris, n=1120

3% 3%

lt.‘

e

f.
L ]

Spectrum, n=2000
YLIXUH $ SOGURDULAFUHHQ LGHQWLILHG 6SHRAWUXYP DXGWDWLYH KLW
FRPSRXQGV DEOH WR GdRmbQPB HS XHJ 5 WHHV Vadgrgs P& PXWDQWV

$ B6FRULQJ VI\VWHP Xwahs MBR $DMVHMANVLRQ OHYHO Vadg@®™KH LQQHU HDU RI
HPEU\RV DIWHU WithhD VWBH®W[SWHVVLRQ LQ WKH XQWtgda$3®HG '062 WUHDWH
PXWDQW HDU VFRUBLL DFRUHYLLL RZHBHUNRWH® KD W VKBAHG UHGXFHG
P51% H[SUHVVLRQ WRZLRAH HIWHQWRU D VMU R Q DAL B® ZV K D Q $LY B6FRU
ZDV JLYHQ WR HP®&BHORF52KHUHYHOV ZHUH HTXLYDOH®W&WRSRI)OGEW\SH OH Y|
ZHUH FDWHJRULVHG $+* DF®&Ri GLRRIUW R URRHWKRIWDIOUHH HPEU\RV WUHDWHG
HDFK FDWHJRU\ FRUUHVSRQG WRVWKHEFR GRMNUAK XVWE V@ RSZL@KH ON K H
GLVWULEXWLRQ Rl FRPESRXQGUQGRFSAMWUNF L(Q GDEMHIRULHV $=+*
&RPSRXQGV IURP 7RFULV DQG 6SHFW UXPRRIEIUW B L\H\WP Z6 D b LRWLGIN UHG W K H L U
FKHPLFDO VWUXFWXUH DQG S U H\QH®RVIBMUDHAISORW VY. G QD'OD@RBWY UHVSHEWL
MLWWHU QRLVH LQWURGXFHG WR LIPESWRUWHUHMXOODOWL \KIDW HRE K LEIKHHFRWQHK PH
FOXVWHULQJ DV H[SHFWHG IURR FDKOHH VEFIBUIROG DQDO\VHYV
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Tocris 1120

3 4 5 5 7 8 9 1 2 3 4 5 6 i B 9
Number of molecules per scaffold Number of molecules per scaffold

924 BMS = 617 CSK
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Spectrum 2000
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Number of molecules per scaffold Number of molecules per scaffold

1536 BMS 1046 CSK
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Combined 3120

4
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1 2 3 4 5 ] 7 a 9
Number of molecules per scaffold Number of molecules per scaffold

JLIXUH 2ILIJXUH VXSSOHPHQW 6 FDBROGEDXMNOXRVHY RDPRRH 7TRFULVFUHHC
7TRWDO DQG 6SHFWUXP OLEUDULHYV

7ZR GLIITHUHQW PHWKRGYV ZHUH XWHGQW RBH®RRWKH/EBHH KMMUXFWXUHYV RI H
FRPSRXQG 6FDIIROGKRSDHWHE W RKQDFRL VWR ZU WK SUKRHG QKHPEHU RI PROHFXO
SHU VFDIIROG 7KH KLVWRJUDPV RQ WWHDOIRIOG XV Bb HFHP/L D P& G XOXANN R
DQ HI[DPSOH RI ZKLFK VKRZQ DW WKW KRMRSWL ZHUHH KIH/OWHRIDWRE RQLQJ &6.
VFDIIROGY 7KH QXPEHU RI VFDIIRO®Y WKH MIRRK AQAUKWDORLN HD FKKRZDRSK $Q
H[HPSODU\ %06 VFDIIROG DQG &6. VFDIFRDBR RERWKI)L® HIU HJ R RREZIQHDER Y H W}
KLVWRJUDPV



JLIXUH 2VRXUFH GDWD '"HQ G URJ U DW XUWHDSOOWMMIPLQWY LIEHWVZWHRFOLE UD U\
FRPSRXQGV 7RRUAWRIUDP RI WKH TARFWIOMEIUHHQ FRPSRXQGY EDVHG RQ WK
VLPLODULW\ PDWUL[ EHWZHHQ DO®YSDAHMN KRRGFERPS RKOQFED/O MIJORPHUDWLYH
FOXVWHULQJ2VHH O0DWRG\Y D ORPGR OPIGW DUKHQRDPSHODODW\H DQG ZHOO '

JLIXUH 2VRXUFH GDWD '"HQ G URJU DW XUWHDSOOWMMIPLQWY LIEHWVZWHRFOLE UD U\
FRPSRXQGY 6SHHWGXKRJIJUDP RI WKH 6SHFWUXP OLEWHMHUVPBIEWRXQGV EDVHC
PDWUL[ EHWZHHQ DOO SDLUV RI FRPPRXGCQE\VWKERRSRADRDWW DQIE @QHOO ,*

JLIXUH 2VRXUFH GDWD '"HQ G URJU DW XUWHSOOMAMPLQW LIEHWZW HRFOLEUD U\
FRPSRXQGV &RPHIQEHXRIUDP RI WKH FRPELQHG 6SHFWOXB\WDIG 7RFULVFUH
FRPSRXQGYV EDVHG RQPIWWWKWHLVLEPHWDPHHRPOROX QGIVUVERIPERXQGY DUH QDPHG
E\ WKHLU SODWH DQG ZHOO ,*



Category =~ mbp score sum

PURESEENN 359 12 29 41
No rescue >1.5-35 15 13 28
DEBRESWAN  0-15 2 20 22

G .
Tocris Spectrum Primary screen hits
[ess 852 A2 PRy A68 B 56 c81
(13 a6 20 pFH 68 53 "0 vcanb cherry-pick hits

161 m Average vcanb score after retest
EEEY o BEEEEE T (ndividual score < 7
68* Removal of transcription down-regulators
X a1 mbp rescue

E 19 m fr24 negative

JLIXUHSHWHVWLQJ DQG FRXQ@WHH[SBUNMODRIRWHYHDOV FKHPLFDO FOXVWHU
FRPSRXQGV

$ 6FRULQJ V\WVWHP Xnbp ®5M B BSWHMWWLRQ OHYHOV BdgBe¥®'G WKH 3//J RI
HPEU\RV DIWHU WUHDWPHQW  $L $\RNRAKHEPHP SABVH]BYHYW.R HEZBYV
VLPLODU WR ZOUG WOIH © N RZIHDG/LRQ DURXQG WKH 3//J $LL $ VFRUF
JLYHQ WR HPEU\RV W KbV HMERENG LFHDRURXQG WKH 3//J $LLL $ VFRUH R
WR HPEU\RM H[WKHVVLRQ LGHQWLF D adgrg6®*$# kkdDaw D Q WX\ WDUBHEHVQIF G R |
H[SUHVVLRQ DURXQG WKH 3//J ZKDWH [BUBRIHKODIGZKBEUMK ZBLY $ VFRUH R
ZDV XVHG WR LQGLFDWHp HHSEB$\RYSOKINVHRQ ZDV DEVHQW WKURXJKRXW WKF
DVWHULVNV PDUN H[SUHVVLRQ QHDU RDXMHHWEKOWH M6 FaElpY WIRHJ RQ WKH HDU 6
VIVWHP DQG FODVVLILFDW L% Q&R P 3/RXQBRPBRUM EFOWHJIRUIMWH G DEFFRUGLQJ
VFRUH VXP IURP WKUHH HPEU\RV DY HUD#HHP EURPYVWZRWH] O H D QRBH QWRX SHG L C
FRPSRXQGV DEOHPNR[IHWFXHRQ VFRUH | + DQ®pXQBEGINWRQHVFXH
I+ $ WKLUGRPGBXQ®RVY BRZQ UHdand DVQibe EFEWKH + DQG ZHUH

QRW IROORZHKG 'MIMWKHEXWLRQ RI WKH FRP SR XQ BNWHINEB H\W&I WMKH QW UHV
FRXQWHU VFERP®RXQGV IURP ERWHKHSIWEHMHOIWN @O BRW \L Q QLY LFGRPEQ @H G
SRODU VFDWWHUSORW FRPSRXQGV LQ WRWDO



KWWSV DGOYGO JLWKXE LR YLV XRIDWIDMBLYF®\Q 5 RGPUB V FORPE RN § GRWZBH U H
RUGHUHG DFFRUG L\Q L QV R/ K/H PW GFIXWLPWOEE S ODFBIGF IMX BR QF HQWULF FLUFOHV
WR WKH FDWHJRU\ $+* WKH\ ZH USULPDIBNOOFGZW\R KD MEMUIWWKHQRLVH LQWURG
LPSURYH YLVXDOIROIMLRGEDWWHU SORW RI WKH  KLWW\WRPHWRNQEVDWEDW S
ZHUH IROORZHIH REXQWHKU VFUHHQV SUHYLRXV VFREBWRBHHVKH FRPSRXQ(
IDGHG 3RODU VFDWWHU SORW RI WKH IR G HIO Wil IFR XQRW B B X\GFGN\H HDR/Q
%LJIJHU GRWV UHSUHVHQW F RiBpS R pSQUGW WLKRIQN DKHWEFNB'G VPDOOHU GRWV FRL
WKH FRPSRXQGV W K DridépGH.[G QHRWW IURIY FRKRIP SRX Q GV Witip DA\ SBRAQALIRIX ODW H G
RU ZHUH QRW IROOR ZH&J HD/UR Q DNGKHG V PR \Y WBIW HS KW WHR FOXVWHUV RI FRI
ZLWK VLPLODU VWUXFWXUHV IRU ZKLEKVYWRH WK DQY QWUN |RBB REZH[G XS 7KH
SRVLWLRQV Rl ,%0;LQ XQ® ¥R QIRGLFDRHDGEV2NE DWHE R1 WKH KLW VHOHFW
SURFHVV 7KH OHQRQNW RO \ERM \KR U LSMKRIS @ ¥ RVEHR) RO KRV FRPSRXQGV WDNH
WKURXJK WR HDBW VWU MW KH 7RFULVOG LEUDIL) ®VHGHQ WKXWD IRU WKH 6SHF
OLEUDU\ DUH RQ WKH ULJKW KD ®R PBIRXH G 7THKIHVS BRE R URULIRHY RSl % DQG & DU
VKRZQ XVLQJ WKH VDPH FRORXU WFKHPMWRBVEDQY )WLHSUHMMIWLQJI WKH QXPE|
I[URP WKH SULPDU\ VFUHHQ OLVW H® UQ/ NREH %Q X FEKHUVRIFRRPSRXQGV WKDW
FKHUU\ SLFNHG 7KHVDIVIREPDJHPERREBHW \D|UAHVKRZWHMWWKH WKLUG EDU 1R
VRPH FRPSRXQGV ZLOO PKWE UHWAOIWHHRUAEWY RQEDWHKIH RU\ & FRPSRXQGV L
LQFUHDVHG $Q\ FRPSRXQGV WK DW QD HBWVRHUHVEFGWR.QRVQWDNHQ IRUZ
IRXUWK Eddp GDRHD ( DUH UHSUHVHQWHG L QQID OWKDB 8 GHWIH QW VE VKW 7 K H
FRPSRXQGV WKDW ZHUH XQDE 624 W®OHOH XH W KRR VAR @ B@XMEHUDW HDFK
VWDJH LV VKRZQ LQ WKH FHQW UHVKBRWW R GFRYRGH & XQSXPLEHDWH FRPSRXQGYV

JLIXUH ) LQWHUDFWG&NBWAHKY LISKORW RI UHVXOW dddriga?P*wand SULPDU\ VFUHH
UHVFXH RI 7RFULV DRWGD&IHNMNWAREE OQ H® G - RIYGIXDRRNBIBR/XQIR W GH QWL W\
KWWSVY DGOYGO JLWKXE LR YLVXRIOWMPBLYRFPW 5 KOWPUBVFDWWHUSORWB

6XSSOHPHQWDULVYMORI WKH KLW FRPSRXQGVVWRQMRBIUHYFXHG WKH H[SUH\
adgrg6®™* PXWDQWV DQG ZHUHNWRGRRQWEH XY EVHHQV 7KH WDEOH LQFOXGHV
ZHOO SRVLWLRQ RI HDFK FRPSRXQGLWORQ D RIGWK KNHQBREZD GBWD VFRUHV IUF
adgrg6®* HPEU\RV c@bWIKWH/ D\ Y +Y  addB6¥**fLHPEU\RV rhbp) DWKWD \

P +P DQG IURRMWECUHPEU\RY @ WK H DVVD\ $EEUHYLDWLRQV '( GHDG
HPEU\R 1' QR GDWD 6 6SHFWUXP 7 7ERFUHW DOHR[\JHGXRHLOHWLQ &KH(
HW DO $QJROHQVLQ 5 :HIQHOMBEWWDMA HW DO6L /IDUL[RO DFHW!
BUEDQ HW DO *HGXQLQ +L 16X R QDPXHMWW DO



listed in Table 1
»

COw
LK

Compounds

veanb mbp fr24
Assays

Tescue

parual fescus 0o rescu

dead  nof tested
wmbiyo

JLIXUH +HDWPDS RHWKHWD/NDYQGUWHWZRUN BRPEIRXIMGWLGHQWLILHG LQ
vcanb VFUHHQ

$ +HDWPDS RI WKH DVVD\ UHVXOWFR SRXQHEDFKK FEIRW KH SUKNMK@PRY DQ HPEU\R
VFUHHQHG LQ HDFK R Wbl WK D iig4D DWDOVL.VWHG DW WKH ERWWRP RI WKH ¥
(DFK OLQH FRUUHVSRQGVY WR D GLHARURIME MRP SRMHQGFRURQRNUVWHP XVHG
HDFK VFUHHQ + UHHQK BNVWURQJ KLWX WHYWXSIKRIQRWNSH \HOORZ QR U}t
ZKLWH QR GDWD ZKLWH ZLWK WGHGZHUBMWWRBWERIVF G KRPWRKXQDYHUDJH VFRU
mbp ZLWK VWURQJHVW U HWMEK HE DDV MHKWM MERER P B RHYGW KMKDW UHVFXHG ERWK
vcanb D Qrbp H[S UH V\adRg®*T® PXWDQWV DQG WKXV UHSUHVHQW SXWDWLYH $GJ
PRGXODWRUV $EEUHYLDWLRGY 1&WARRMRWDWQAMO\VL%EDVHG RQ VWUXFWXU
VKRZLQJ DOO FRPSRXQGV IURP \RXBD GUZW O HiltpRH[SH\H V \&RFPG D U H
VKRZQ DV ODUJHU QRGHV ZKLOHJHARFS&RXQSWHWKDRQ @MLUEHQRWRZQ DV VPDOO
QRGHV 7KH FRORXWRXQBE (RRGARPFRUURVERY GMWRDADWRGLFDWHG LQ )LJ
DQG WKH WZR FOXVWHUV RI VWU XBWDKWHO® LY LHRIRDH FRPSRXQGR/ \KKRZQ
$Q LQWHUDFWLYH YHUVLRQ Rl WKQ® RLIMIE FDQ EH DFFHVVHG
KWWSV DGOYGO JLWKXE LR YL VOIBHPEE RQGE HY KWZPROUNB ZK LW

JLIXUH % LQWHUDFWHWZRHNVRL@RO\VLY EDVHG RQ VWDR®PWXUDO VLPLODUI

FRPSRXQGV IURP WKH 7RFULV DQG 6 SHFWDWX B HYhERUHIES UMWY V L&RRP DRI X

VKRZQ DV ODUJHU QRGHV ZKLOHUFRFERXQSWHWKDRQ @UEHQRWRZQ DV VPDOO

QRGHV 7KH FRORXWRXPBE (RRGHARPFRUURVYSRYGMWRDADWHGLFDWHG LQ )LJ
DQG WKH WZR FOXVWHUV RI VWUXBKWDKWHG L QLRIRDH FRESRXQWGR KKRZQ



=RRP LQWR LQGLYLGXDO QRGHV IRU 6SKEXWREHHU ® QIQ BHTRF UGWH QAW ISW\ FUR
UHIHUHQFH WR 6XSSOHPHQWDU\ ILOH
KWWSV DGOYGO JLWKXE LR YILWOISBEEER RQE H) KWZPROUNBZK LW




& ®

A B ® . ® & e
sl A cilnidipine ® . . . &
19 nifedipinge ,'._ nifedipine
26 tracazelate = ®
53 FPL 84178 .
123456123 einidipine:
veanb mbp  fr24 @
[ wild type adgrgf=~1OMSC__ || adgrg&-*nitedipina [ adgrge=iciinidipine | [ adgrg&~"racazoiate | [ adgrp&="=FPL 64176 | [ adgrgé™~inilvadipine |
B : iii iv 4 vii :

YLIXUH +LW FRPSRX@&M MARUMHMWEHN DU\ LQ WKHLUMBE HPS WHN WWR RIGI VW R U H
L @dgrg6 ®*** PXWDQW HPEU\RV

$ 6HFWLRQ RI WKH KHDWPDS LQ )LRU GLGLBZIQM] @ KIHH @ HY/IXZHV WUDFD]ROD)\
K\GURFKORULGH D@6 jJQODUJHPHQW RI WKH GLK\GURS\@L)GIWH FOXVWHU F
% KLIJKOLJKWLQJ FLOQLGLSLQH D\K® WXUHGC HES QHV \&IRFPG PXIPIGVKRZQ DV
ODUJHU QRGHV ZKLOH FRPSRXhEHBKBHWVER® QRW VKRERHDYV VPDOOHU QR
UHODWLRQVKLS RI QLOYDGLSLQH RRESMM G LWEKDWH FO RVWHKIHIER W KDHOVR LOO XV
L+YLL /DWHUDO LPDJHV Rl WKH IRQQIHE\HBY DW :GG GiywaEE® HAG

PXWDQW WUHDWHG ERWW URE2 DIVL D+ ¥dgige" WU REWPB@W RLWK WHVW FRPSRXC
DW —0 ZLWK WKHLOFBHGMELRM RIKQFK Z DV OW H \Y Witk FIW $

H[SUHVVLRQ RI HPEU\RV WUHDW B6 F\V DNDERFHD MEbcAH BRI M V LR Q

DURXQG WKH 3//J ZKLWH DUURZKKHSRBVIRW MRKH. @G L A.MMMK HVXQWUHDWHG P XV
ODFMb®B[SUHVVLRQ 1LIHGLSLQH FLOQL@LSDHE QMO BB]|IRLIMW HD IO\G WRIFVKG
mbp H{TSUHVVLRQ DURXQG WKH 3//J ZKUBDMp3H[SUHVIVERRWURKXQG WKH 3//J
VR HIILFLHQWO\  [Y#[L[ 5HSUHYVRQMXBMLRQ W KM KIHY AKFHPR.FROQGV WHV W H
EDU LQ L —P YVISSOVAUOMREIDU RDYSOILIHY WR-PLLL*[LY



YLIXUH BHOHFWHG KLW FR PBRI6HFEV POHWVFQIW WEBEH SKHQRW\SH LQ D GRVH
GHSHQGHQW PDQQHU

adgrg6®* KRPR]\JRXV HPEU\RV ZHUH H[SRVHGVWRLBIY RIROG GLOXWLRQ
FRQFHQWUDWLRQV UDWRLQJ IURWDLORWRGLMRVWRI QLIHGLSLQH FLOQLGL.
WUDFD]JRODWH K\GURFKORWAGH DQGD)@G R ZDV XVHG DV D SRVLWLYH
FRQWURO '062 ZDV XVHG DV D QHRNYWIMWMBHIRQMG EAW@FEHQ +  KSI SUL
WR IL[DWLRQ D QuGarb GIDHUWMYLRQ E\ ZKROH PRXQW LQ VLWNXNH\EULGLVDWLRC
VFRUHG LQ DFFRUGDQFH ZLWK WZR VFRVLQKH ORFORNYEWERMIEGHU WR DVVH
LOQWH® RBEND ,6+ VWDISQLQALY 6FRULQJ VIVWHP XVHG WR DVVHVV WKH QXP
SURMHFWLRQaMb $+ZVWEBLQLQJ Y+*YLLL &KDUWV VKRZDQ N RPKHHGXBEHU R
S S RU%SL*LY &KDUWV VKRZLQJ WKH @¥REHG RIRWPEWRFVRWIGRWJ WR
WKH VFRULQJ VI\VWHP &KRIZZY LQ/)YH '$& LPDJHV RI KSI RU KSI IRU )3/
WUHDWHG PR XWDQWYV WUHDWHG ZLWK WKH FRPBRXDWELVKRZQ DERYH
DQWHULRU WR WEWHUD® YLHZAMWYRRWWKH G@HU\RDUWGHSLFWHG LQ L+YL VKR
UHVFXH Rl SLOODWDGWLRRODRBREZRZK WHBDXWAHPHQWY RI WKH HDU WR HDU Z
ZHUH WDNHQ IURP OLYH HPEU\RV PRROWHI®Y GRBY¥ DO OSODIG IKKRIMWR XL JIKOLJ
WKH ODUJHVW YLVLEOH GLPHQVEBQWPWERMW YRU BPLUXWHIMXHVHQW WKH
PHDQ “ VWDQGDUG GHYLDWLRQ &RBEPEQ®SIADWD | BRPOWZEH[8H P

JLIXUH '2VRXUFH GDWD
6RXUFH GDWD IRU HDU ZLGWK PHDVXUHPHQWYV



JLIXUH 2ILJXUH VXSSOHPHQW $G G IQW IVRIENH GV R \GRRGUWHIKX ODWH RWLF
vcanb H[SUH VYV laBg@6l"8* PXWDQW HPEU\RV

$ $GDSWHG GLK\GURS\ULGLQH FO XV WWHHS LOWBIE GLQQ W KR FPREXIQ 8 \R Q F\8 HF W U
FROOHFWKHRQWZ FRPSRXQGY WHVWHG DUHIVRRDBQMIY IDUIHINQ MX VUWORH/O R Z
WKH WKUHVKROG RI WKH QHW ZRW N DDAM®NAG R VBWH IR ORBE FAFRODXWFWLQJ WR
UHODWHG FRP'RRXQEBHVSRQVLYH DEFWLYLW\ RI Mdahb ®IVABWRS\PLIGLQHV LQ V
/IDWHUDO YLHZV RI WKH LQQHWahbDE\ D6V DEWHRVBRKHGHRY &RQWUROV L
WI\SH XQWU ddyMpiE® PKWDQW WUHDWHG ZLWK '062 D4d@geSiIDWLYH FRQWUR
PXWDQW WUHDWHG ZLWK —0 , % 0L DAWU B DS/RRAHGMAN YR PRYWQR® ZLWK

WHVW FRPSRXQGV DWWLR®Z FR Q F W@ H DWW BQrg6"Bf PXWDQWV ZLWK

WHVW FRPSRXQGV DW D KLJK FRQFH QWAHSWIHRMHQWDWLRQ RI[MIKH FKHPLFD
VWUXFWXUH RI WKH ILYH FRPSRXQGW WHS/S\HG V 8FD OHLEDU LQ L



JLIXUH 2ILIJXUH VXSSOHPHQW 1 R G R\VKO AWVABWSIHRFQV RV RH DU ALR T WKH KHDG

$ /LYH ',& LPDadyrg@P*HQPXWDQW HPEU\R DW KSI PRXQRUW GHS R/ DOO\ ZL
OHIW VKRZLQJ WKH SDUDPHWH U WK Hl lIQGV 8 GDW RGHDIOFKG RWH WKH QRUPE
ZLGWK 7KLV YDOXH ZDV XVHG W R COOAMHWIWWKBZ W KWHKDW UHZDWPHQW ZLWK
FRPSRXQ®BV7DEOH VKRZLQJ WKH VWULFWO\ NMW DEE®DYUIBALXHNG IRMWDIPQDEKIIHU
WUHDWPHQW JURXS LQ UHVSH&ygaPR° WKHOBHKLINO B PRIQWUYRI DVVHVVLQJ

WKH VL]H RI FRPSRXQG HIIHFWRIQNV G&8 (HRIHOW! FRQE HRDMWHD W LVWURQJ HIIHF
RUDQB&KB0' VFRUHV ! LQGLFDWH D YHU\ VWURQJ HIIHFW GDUN RUDQJH

JLIXUH 2I1LJXUH VXSSOHPHQW 2VRXUFH GDWD
6RXUFH GDWD IRU WKH 660" FDOF X&IDW{RDYSOKRPHD WQ %LIXUH



JLIXUH 2ILIJXUH VXSSOHPHQW /Y XNPYHHYWWILRRG WAISHT WBEU\RV IURP =
KSI

6L[WHHQ /:7 ZLOG W\SH HPEU\RV HDBKBNHSAM QQ ®O\DHSHD UDHWHH ZMOHDWHG ZL
HDFK Rl WKH IROORZWMQJ FRQFHQWUDWDRG IURP  WR KSI $W WKH HQG
RI WKH WUHDWPHQW WKH QXPEHU RI DRX W G ID\QXG/ V& KD ® RHIUPVE D CRIWW X [3W U F
ZDV SORWWHG DJDRQVWSFRQFHQWUQRQAIRHOLWKPY ZDV XVHG WR ILW WKH
IRU WUDFD]RODWH$K\)BURFK @R QLGHIGIESDQB FLOQLGIZKHQM ZDV
FDOFXODWHG DV WKH FRQFHQW UDWR\RZHDBH B KL FK RI WKH HPEU

JLIXUH 2ILJXUH VXSSOHPHQW 2VRXUFH GDWD
6RXUFH GDWD IRU WKH PRUWDOLW\ XRXYB/VHPKRAD LQ )LIXUH 2ILJ



JLIXUH $VVD\ IRU Uff2¥ RXAVHURIQWKD-DOHOH GLVWLQJIXLVKHVXHRPSRXQGV OL]|
GRZQVWUHDP RU DW WKH OHYHO RI WKH $GJUJ UHFHSWRU

$ 6HFWLRQ RI WKH KHDWPDS LQ )LRU $ARIMVR DL L WAKGH RIIHLV X © @VR/OIL G H
GHR[\JHGXQLQ DQG FDUDIR@DUJHPHQOW Rl WKH FOXVWHWHBRQWDLQLQJ JHG
FRPSRXQGV FOXVWHU LQ )LJV GHDRGIHGXEKLQKCGLKKWURILVVLQROLGH DQ!
HQH &RPSRXQGV MpKMWSUHVFXRQ DUH VKRZQ DV ODUJHU QRGHV ZKLO
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